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INTRODUCTION 


é 


The author of a book on the philosophy of biology need offer no 
excuse for the subject he has chosen, since few areas of philosophy 
have been so neglected in the past fifty years. This is a great pity, for 
both philosophers and biologists have much to gain from a study of 
the no-man’s land between them. As it is, philosophers tend to be 
almost totally ignorant of the many, recent, exciting advances in 
biology, and biologists tend to be hostile or indifferent to the work 
of modern philosophers. Consequently, philosophers build castles on 
non-existent scientific foundations, and biologists, almost inevitably, 
fight the battles that philosophers fought twenty or more years ago. 
In this book, I hope to show the rich vein of problems waiting to be 
mined by philosophers and biologists, and I shall feel that I shall 
have succeeded in my aim if I can infect but a few others with my 
enthusiasm for the subject. 

There can be little doubt that modern biology dates from the 
publication in 1859 of Charles Darwin’s Origin of Species—the 
work in which he argued that the organic world we see about us 
today is essentially the product of a slow gradual evolutionary 
process, brought about by something which he called ‘natural 
selection’. Just about every area of biology today owes a great debt 
to Darwin, and for this reason it might be thought that the best way 
to start is by plunging straight into an exposition and analysis of 
the modern version of Darwin’s evolutionary theory, best known as 
the ‘synthetic’ theory of evolution. It is part of my plan to give such 
an exposition and analysis of the synthetic theory; but, for reasons 
which will become apparent later, I shall first look at the legacy left 
by another nineteenth-century biological giant, Gregor Mendel. 
When I have discussed in Chapter 2 the Mendelian theory of 
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inheritance (or, more precisely, the neo-Mendelian theory of 
inheritance), I shall be better able to consider the nature of natural 
selection and to evaluate its worth to the modern biologist. 
However, before turning to Mendel, there is one matter which 
needs a brief discussion in this introduction. There are today no hard 
and fast 'schools' of thought about the philosophical nature of 
biology. Nevertheless, like King Charles's head, one question keeps 
cropping up in discussions, namely whether or not biology is a 
science like the sciences of physics and chemistry. Since, in this book, 
we shall be examining this question from various angles, it will 
perhaps be useful to give here a very brief outline of what I think is 
still the dominant philosophical position on the theories of physics 
and chemistry. This is the position commonly known as ‘logical 
empiricism’. Obviously, no attempt at completeness can be made, 
and some of the points raised here will get more detailed discussion 
later in the book. (See also Braithwaite, 1953; Nagel, 1961; Hempel, 


1966.) There are four points I want to raise about the kinds of results 
supplied by physical sciences. 


things as pendulums, 
called ‘theoretical’, ‘hypothetical’ or ‘non-observable’ entities; the 
really existent’ or ‘non-theoretical’ 
ion should be made between the 
consider later. The main thing is 
uch distinction should be made. 


logically or mathematically necessary, 
necessary. This empirical necessity is o 
and the statements are called ‘laws’. 
(3) It is commonly supposed th: 
are essentially ‘axiomatic’ or 
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which I have labelled ‘theoretical’, and talk of ‘non-theoretical’ 
entities occurs only in (some of) the derived statements. Hence, a 
physical theory contains *bridge' principles, enabling one to go from 
talk of one kind of entity to talk of the other kind. 

(4) Closely connected with the claims about the axiomatic nature 
of the theories, it is felt that explanations in the physical sciences are 
of a particular kind. Without going into great detail here, it would 
seem that basically it is claimed that an explanation consists of a 
derivation of a statement about the thing being explained from other 
statements, at least one of which is a law. Explanations of this type 
are commonly called *covering-law' explanations and, as is well 
known, it is frequently argued that such explanations can serve as 
the basis for predictions. 

Anyone with the smallest acquaintance with the philosophy of 
science will know that all of these four claims, even as applied to 
physics, have many critics (e.g. Hanson, 1958; Achinstein, 1971). 
Since this book will not be a general, elementary text in the philo- 
sophy of science, distinguishable only in that it is adorned with a few 
biological examples, most criticisms must be ignored. However, let 
me declare here that, with considerable reservations to be noted, I 
think there is truth in the above claims as applied to the physical 
sciences. Moreover, let me also declare that I think these claims 
apply in large measure to the biological sciences. At least, I think 
they apply far more than many writers about biology have supposed, 
and I suspect that where the claims fail for biology, they often fail 
for physics also. Thus, I do not think that with respect to these claims 
a very hard line can be drawn between different kinds of science. 
But, in any case, the reader must judge these matters for himself. 
And so that this may be done, let us now turn to biology. 


2 
MENDELIAN GENETICS 


Mendel’s own work, as is well known, unn ) 
thirty years. However, after its rediscovery at the beginning of this 
century, a theory of heredity based on his ideas was developed in 


great depth and at a rapid speed. I shall call this theory ‘Mendelian 
genetics’ in order to distinguish it from the very 
genetics’, the subject 


ally, for reasons which will 
become apparent shortly, I shall be considerin 


the viewpoint of a theory designed to explai 


2. The Mendelian gene 
There are many sides to the gene—the ce 
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from the beginning, that when the genes are defined as the ultimate 
causes of organic characteristics, it is not being claimed that the 
genes are the sole causes of such characteristics. They are, as it were, 
the organism’s contribution to its own development. The environ- 
ment has an equally vital role in development, and indeed a change 
in the environment can have just as drastic an effect on an organism’s 
finished form as can a change in gene. For example, genes control 
height; but, as is well known, malnutrition during a child’s early 
years can have just as stunting an effect on growth as can a change 
in gene. 

It is supposed that in sexual organisms the genes are fairly evenly 
divided into two sets, and that each member of one set has one and 
only one mate in the other set. These mates are said to occupy the 
same ‘locus’. It is also supposed that a particular instance of a gene 
can be repeated—in this respect genes are significantly similar to the 
small particles of physics, for it is supposed that genes can be 
absolutely identical to each other. They are not merely ‘more or less 
alike’. The genes at a particular locus might be the same, but possibly 
they are different. The members of a set of different genes, all of 
which can occupy the same locus, are called ‘alleles’. (Obviously, at 
most only two members of such a set can be at the same locus in 
any particular organism.) If an organism has identical genes at a 
particular locus, it is said to be ‘homozygous’ with respect to that 
locus. If the genes are not identical, then the organism is said to be 
‘heterozygous’. Sometimes, the heterozygote looks like the homo- 
zygote for one of the genes at the locus. In this case, the gene whose 
effects are shown in the heterozygote is said to be ‘dominant’ over 
its mate, which latter is said to be ‘recessive’. It should be noted that 
dominance and recessiveness are not absolute terms. A gene could 
be dominant over a second gene, but recessive to a third. Also let 
us note that some genes affect more than one characteristic. These 
are known as ‘pleiotropic’ genes. Some other genes form sets jointly 
affecting a single characteristic, in such a way that the effects of indivi- 
dual genes are not separately distinguishable. These are ‘polygenes’. 

Turning now to a somewhat different aspect of the gene, it is 
argued that it is the gene which is the link between one generation 
and the next. In this sense then, the gene is the unit of inheritance. 
Each parent contributes to the offspring, and the transmission is 
governed by what are known as ‘Mendel’s laws’. These are as 
follows: 


Mendel’s first law (also known as the ‘law of segregation’) 
For each sexual individual, each parent contributes one and only one 
of the genes at every locus. These genes come from the corresponding 
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loci in the parents, and the chance of any parental gene being 


transmitted is the same as the chance of the other gene at the same 
parental locus. 


Mendel’s second law (also known as the 
assortment’) 

The chances of an offspring receiving a particular gene from a 
particular parent are independent of the offspring’s chances of 
receiving any other gene (at a different locus) from that parent (i.e. 


genes at each locus segregate independently of genes at other 
loci). 


‘law of independent 


Two points are particularly worth noticing about these laws. 


First, it is assumed that the units of inheritance are passed on entire 
and uncontaminated from one 


exceptions, in particular wheth have exceptions! 
ons! 
Here, let us take note only of a maj e 
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crossing-over, that is, it cannot be divided by crossing-over.! 

Finally in this brief exposition of genetics, let us look at the 
question of the stability of the gene. It is argued that a gene is 
normally very stable, and that it, or a copy, can remain unchanged 
for many generations. However, it is believed that sometimes a gene 
does change (into a different kind of gene), and that hence, organisms 
carry new heritable characteristics. This change, known as *mutation', 
gives yet one more characterization of the gene. It is that which 
mutates. From the point of view of genetics, it is supposed that 
mutation is instantaneous, and it is of the essence of the theory that 
the change is ‘random’. By this is meant, not that the change is 
uncaused—indeed, several causes of mutation are known, and like 
causes are assumed for all other cases—but rather that a change in 
a gene is never a function of the particular needs of an organism. 
New heritable characteristics do not appear 'to order. When 
mutation yields a new heritable characteristic, the organism must 
make of it what it can, for its origin was unrelated to its possessor's 
particular environmental predicament. 

We have now before us but the barest skeleton of Mendelian 
genetics; however, already we are in a position to ask some questions 
of far-reaching philosophical importance. In particular, we can ask 
whether this biological theory of heredity seems in any sense to 
correspond to the logical empiricist conception of a physical theory, 
sketched briefly in Chapter 1. To answer this question, I shall take 
in turn the four logical empiricist claims which I picked out for 
special attention, considering the first two in this chapter, and the 
other two in the next. I turn immediately therefore to my first major 
philosophical problem, namely whether or not Mendelian genetics 
refers to entities falling into two different classes. 


2.2 What kinds of entities is Mendelian genetics about ? 

We saw in the last chapter that it is commonly argued that the 
entities referred to by physical theories seem to be of two kinds. On 
the one hand, we have things like molecules, electrons and charges; 
on the other hand, we have things like prisms, pendulums and 
planets. Now, prima facie, it would seem that in Mendelian genetics 
we find reference to entities of each of these kinds. Of the same kind 
as something like the molecule, we have the gene (and, more 
generally, the whole collection of an organism's genes, known as the 
*genotype'.) Of the same kind as something like a pendulum, we 


1 Actually the full story of crossing-over is rather more complex than that 
presented here. In particular before crossing-over occurs there is a doubling of 
the genetic material. Hence, four lines in two pairs are involved in crossing-over. 
We need not pursue this complicating factor here. 
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have an organism’s physical characteristics (known collectively as 
the ‘phenotype’). Is our first intuition right in distinguishing between 
genotype and phenotype in this kind of way? 

I shall suggest that basically this first intuition is correct; but I 
shall also suggest that the full story is rather complex, for, as several 
writers have pointed out recently, there seems to be no one absolute 
way of drawing a distinction between the entities of science — 
certainly, there is no single way which encompasses all of our 
intuitions. Rather, there are several ways of distinguishing between 
the entities of science, and whilst they are all in their own way 
informative, despite a considerable amount of overlap, each division 
has boundaries peculiar to itself, and indeed, the methods of division 
themselves are not entirely unambiguous. Before we turn to the 
genotype-phenotype dichotomy, let us examine this general point in 


more detail by considering three of the more popular criteria of 
demarcation for scientific entities. (See also Spector, 1966; 
Achinstein, 1968.) 


Perhaps the most obvious way of making explicit one's intuition 
that the entities of science fall i 


at Into two groups is in terms of one’s 
ability to observe or see the various entities. Thus the members of the 


first set of entities (i.e. the molecule-including-set) are unobservable, 
whereas the members of the second set (i.e. t 


set) are observable. Unfortunately, 
this criterion of demarcat 
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that, say, C observed the eclipse in a very real way that G did not 
—then it obviously follows that one’s distinction of entities into 
observable and unobservable is going to be very closely tied to the 
particular sense of ‘observation’ that one is using. In my example 
(which certainly does not explore every kind of observation) the set 
of observable entities for A-type observation will be less than but 
included in the set of observable entities for B-type observation, and 
so on, roughly speaking, right on up to F-type observation. 

It might be objected that my example misses the point in that 
unobservable entities are supposed to be entities which are unobserv- 
able im principle, whereas my discussion has centred on a 
phenomenon, a lunar eclipse, which is or was observable in principle 
by any of the scientists 4-G. But leaving aside the question of 
whether a short-sighted man is capable in principle of seeing distant 
objects (particularly phenomena which have to be viewed from a 
distance, like eclipses and rainbows) or whether one can in principle 
directly observe phenomena which are past, even if we grant this 
point, it does not affect my discussion very much. Consider scientist 
C, (analogous to C) who is looking at a very small object through a 
light microscope. He is surely observing this object in a way which 
is far more real and direct than a colleague G, who reads about Cj's 
findings in a journal. After all, any observation however direct is 
going to entail light rays passing through a transparent medium— 
it would be strange, not to say arbitrary, if the fact that this medium 
was glass as well as air were immediately to take the object being 
studied right out of our world of direct experience. But if these points 
be granted, then some objects which are in principle unobservable 
when ‘observable’ means ‘observable with the naked eye’ become 
observable when ‘observable’ is understood in a rather more 
generous sense. 

What I would therefore suggest is that the moral of all of this 
seems to be, not that one cannot talk about observable or un- 
observable entities, but that one must specify in advance just what 
one means by ‘observable’ and ‘unobservable’ in a particular 
context. Thus, for example, one might want to talk about a molecule 
being unobservable, if one by ‘observable’ means ‘visible with the 
naked eye’ or even if one grants the aid of light microscopes. On the 
other hand, if one’s notion of ‘observable’ extends to the use of 
electron microscopes, photographic techniques, and so on, then, in 
a somewhat pickwickian sense, one might speak of certain macro- 
molecules as being ‘observable’, at least, in a way that smaller 
entities are not. Of course, this is not to deny that many things, like 
electrons, are going to come up as unobservable under just about 
every way of drawing the distinction between observables and 
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unobservables and the converse holds of other things like pendulums. 
For this reason, it is important not to over-exaggerate the border- 
line cases. But the different possible ways of drawing the observable- 
unobservable distinction do point to the fact that there are a fair 
number of intermediate entities which are liable to fall on different 
sides of the line, depending on just how one draws the line. 
Because the observable-non-observable dichotomy seems rather 
loose, one might try an altogether different tack. Perhaps the 
division of entities could be done in terms of whether or not they are 


hypothetical—inferred, but never really known. However, whilst 
this distinction of entities into hypothetical and 
does certainly capture some 


Again, none of these points ist 
the hypothetical-non-hypothetical 
division, to a fair extent, dupli 
observational division. (More 


least were, hypothetical ; non-observational’ are, or at 


observational and non-hypothetica] entities. 
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also seem to fall mainly on the side of non-observability, although 
it is worth noting that probably their change to the side of non 
hypotheticality is, in small part, a function of their move in the 
direction of increased senses of observability. Conversely, chairs and 
tables are not usually very hypothetical, and similarly, they are more 
or less observable. 

A third way of capturing our intuitive division of scientific entities, 
the final way we shall consider, is in terms of some sort of theoretical- 
non-theoretical dichotomy. There are several ways in which this 
dichotomy could be spelt out, in particular in terms of complexity or 
familiarity to a layman; but perhaps the most obvious basis of the 
division stems from the sense in which we take a theoretical entity 
to be one referred to by a term closely tied to a particular scientific 
theory, whereas a non-theoretical entity is not. In a way, this seems 
the most hopeful of all the methods of dividing scientific entities, 
since it seems fairly clear that something like ‘kinetic energy’ or 
‘electron’ does not make too much sense, unless one knows some- 
thing of the theory in which it occurs, whereas knowledge of 
something like ‘chair’ or ‘table’ does not require an extensive 
scientific background. Moreover, this method of division does 
parallel closely the other methods. Observable entities, for instance, 
can be seen directly, before one knows any theory—or makes any 
hypotheses. Unobservable or hypothetical entities, however, come 
only to us through theories. Nevertheless, it has been argued by 
several philosophers recently that there is no such thing as a scientific 
concept which is not in some sense linked to a particular scientific 
theory, that is, which is not in some sense ‘theory-laden’. It is 
certainly argued that many concepts which refer to things which 
would fall in the observable and non-hypothetical camps are 
theory-laden. Thus, for example, Hanson says of the term ‘crater’ 
that to say of something that it is a crater ‘is to infuse theoretical 
astronomy into one’s observations . . . To speak of a concavity as 
a crater is to commit oneself as to its origin, to say that its creation 
was quick, violent, explosive . . .' (Hanson, 1958, 180). On the other 
hand, one can certainly see craters and there is no doubt as to their 
existence.? | 

All in all, we can see that one can draw several distinctions 
between scientific entities, and in so doing we can reveal some 
extremely interesting things about them. However, although we may 


* In fairness, it must be pointed out that the claim that all observation is 
theory-laden is a highly controversial one, and many philosophers oppose it. I 
have myself argued elsewhere (Ruse, 19702) that in the nineteenth century many 
of the points of dispute between Special Creationists and Evolutionists involved 
non-theory-laden observations. 
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have an intuitive feeling that scientific entities are of two different 
sorts, and although all of these divisions capture some of the reasons 
behind our intuition, it seems clear that there is no one absolute way 
to divide scientific entities, and that different ways of dividing will 
probably yield somewhat different divisions, despite fundamental 
similarities. This being so, let us now turn our attention back to the 
genotype-phenotype distinction, and, beginning with the observable- 


non-observable dichotomy, see what light the preceding discussion 
throws on our intuitions. 


In the way in which I have 
chapter, no mention at all has been 
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: 9 L 
very extensive knowledge abofit fie Nonest the fruit-fly is 
obtained by study of the giant chromosomes in the salivary glands 
of the larvae. Secondly, even with our ‘cytological’ knowledge (i.e. 
knowledge of the cell), this is still a far way from being able to say 
we can observe the gene itself or that we can observe the many sides 
to the gene, some of which we listed earlier in the chapter. To see 
the carrier of the gene (the chromosome) is not necessarily to see the 
gene itself, for as is well known, and as will be discussed in some 
detail in Chapter 10, it is today believed that the gene consists of a 
long macromolecule of a substance called ‘deoxyribonucleic acid’ 
(DNA), and that strands of DNA are twisted round each other in a 
double helix. One certainly cannot see this with a light microscope. 
Admittedly, recently it has been claimed that one can ‘see’ the helix 
after a fashion—at least supposedly, one can photograph the shadow 
of the DNA molecule with the aid of an electron microscope, if first 
one coats the molecule with some heavy metal. However, obviously, 
even if one does claim that this is ‘observation’ of the gene, then 
this is ‘observation’ of an extremely technical kind—it is about the 
weakest sense of observation if all one has seen is something’s 
photograph, let alone just a photograph of its shadow. Is a photo- 
graph of the Black Prince’s armour’s shadow an observation of the 
Black Prince, even if he is inside? Moreover, even observation of 
this kind does not, for example, show the gene as a unit of function. 

It is clear, therefore, that if one allows that one can observe with 
the aid of instruments (and I think one should allow this, at least in 
some cases), there is some observational evidence for the Mendelian 
gene. (I mean here direct observational evidence—there is obviously 
lots of indirect observational evidence, like that given in breeding 
experiments.) However, even conceding this much, the gene is to a 
large extent an unobservable entity. 

Let us turn now to the question of the phenotype. Initially, one 
might think that there is little doubt but that the morphological and 
behavioural characteristics of organisms belong to the observable 
dimension of experience. Obviously, in a great measure this is true. 
One can observe the red belly of the sexually active male stickleback, 
just as one can observe his elaborate mating ritual. However, there 


3 Of course, if we identify the gene with the DNA molecule and consider the 
gene to be no more than this, then it is neither surprising nor interesting that the 
gene turns out to have the properties possessed by the small entities of physics. 
However, at this point I am not making the identification, but am considering the 
gene only as a biological phenomenon. My reference to the DNA molecule is 
intended merely to point to the fact that possibly there is some kind of observa- 
tional evidence that the biological gene has a helical form—the physicochemical 
implications of this form have no relevance at this point, because we are still 
within the biological realm. 
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are at least a couple of items which show that the answer to the 
question about the nature of the phenotype is not entirely un- 
problematical. For a start, many organisms cannot be observed by 
the naked eye—microbes and viruses, for example. Some of these 
are so small that one can only properly ‘see’ them with the aid of 
an electron microscope. Thus, for example, even the phenotype of 
the phage T4 can be classified as observable only in the rather weak 
sense where one is prepared to allow that observation can involve 
onic magnifying instruments 
the phenotypic properties of 
fferent reason, most parts of 
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at any point a Mendelian geneticist would want (or have wanted) 
to claim that he has (or had) full knowledge of the gene in general, 
or of any gene in particular. For example, the exact nature of 
crossing-over has until recently been in doubt, and the exact causes 
of mutation have long been a subject of intense speculation. Hence, 
although the existence of the gene as such might not be very hypo- 
thetical, it was at one point, and some properties still attributed to 
it are, and the same goes for the existence of certain individual genes. 

On the other side of the coin, by and large there does not seem to 
be too much hypothetical about the nature of phenotypes. One does 
not have much doubt about the existence of the stripes of the zebra. 
However, there are some exceptions to this rule. Many organic 
behavioural characteristics, for example, have long been (and, 
indeed, some still are) in doubt. Moreover, the whole existence of 
microbes was taken to be hypothetical (if not outrightly false) until 
the work of people like Pasteur, and a similar debate occurred at the 
end of the seventeenth century over whether or not fossils really are 
the remains of longdead organisms. Even today, paleontologists have 
to hypothesize about many of the characteristics of their subjects— 
particularly about perishable things like skin and behaviour. 
Consequently, although in the main the phenotype is not hypo- 
thetical, some phenotypes have been taken to be so and some parts 
of some phenotypes still are. 

Finally, there is the theoretical-non-theoretical dichotomy. Here 
also, the dichotomy roughly distinguishes between the genotype and 
the phenotype, but not exactly. Obviously, the Mendelian gene is 
central to Mendelian genetics, and similarly, without some knowledge 
of the discipline one cannot claim to know much about the entity. 
Conversely, one does not seem to need much genetical knowledge to 
talk of a leg, arm or whole organism, like an instance of Drosophila 
melanogaster. However, even here, matters are not entirely clear-cut. 
We shall see in later chapters that a full understanding of organic 
characteristics might well require of one knowledge of some theory 
—in particular, talk of characters can presuppose a knowledge of the 
function that they serve, and this, as we shall see, commits one to a 
particular theory of evolution. We shall also see that to talk of a 
particular kind of organism (as, for example, when one says that 
only a limited number of genes separate Drosophila pseudoobscura 
from D. miranda) is, according to certain writers, to commit oneself 
to a particular kind of history (which is, in turn, inferrable only 
through a particular theory). No more need be said at this point, 
except that once again the dichotomy makes roughly the same 
division as the other dichotomies, but that such a division does not 
seem unambiguously clear-cut. 
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influential philsopher of science has argued that the so-called ‘laws’ 
of biology (including those of Mendelian genetics) are really not laws 
at all. In his book Philosophy and Scientific Realism, Smart argues 
that if something is really a law (as opposed to something merely 
called a ‘law’), then there are at least two conditions which it must 
satisfy. The first condition is one which we might call the condition 
of ‘unrestricted universality’, and it specifies that a law must apply 
truly throughout the universe and throughout time. The second 
condition is that a law must make no reference, explicit or implicit, 
to any particular place or thing (in particular, it must not refer to the 
Earth). Smart believes that the would-be laws of biology all fail on 
at least one of these two conditions. Normally, they make reference 
to the Earth, and if one removes this reference, then the chances are 
that they are not true elsewhere in the universe. 

To illustrate his point, Smart invites the reader to consider (what 
he takes to be) a typical, non-analytic, general statement of biology, 
‘albinotic mice always breed true’. About this statement, supposedly 
considered a law by biologists, he writes: ‘What are mice? They are 
a particular sort of terrestrial animal united by certain kinship 
relations. They are defined as mice by their place in the evolutionary 
tree... The word “mouse” therefore carries implicit reference to 
our particular planet, Earth’ (Smart, 1963, 53). Hence, we have no 
real law. 

The obvious counter to this criticism is to redefine ‘mouse’ 
without reference to the Earth (e.g. by a set of properties 4,, Ao, 

- An); but this move entails, Smart believes, a violation of the 
condition of unrestricted universality. 


No doubt we could find a set of properties such that, so far as terrestrial 
animals are concerned, all and only mice possessed them. The trouble is 
that now we have no reason to suppose our law to be true. The proposition 
that everything which possesses the properties A,, As, . . . An and which 
is albinotic also breeds true is very likely a false one . . . on some planet 
belonging to a remote star there may well be a species of animals with the 
properties A,, Ao, . . . An and of being albinotic but without the property 
of being true. (Smart, 1963, 54) 


Hence, again we have no real law. 
In a like manner, Mendel's laws do not escape Smart's critical 
attention, and these too he relegates to the limbo of non-nomic, 


universal generalizations. He writes about Mendel’s law of segrega- 
tion as follows: 


Even terrestrial populations do not segregate quite in accordance with the 
Mendelian principle, for a multitude of reasons, of which the chief is the 
phenomenon of crossing over. Even if we tried to protect our law by 
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adding clauses such as ‘if there is no crossing over’, we should be pretty 
sure to be caught out by some queer method of reproduction obtaining on 
other spheres. Of course, there may well be good reasons why life on other 
worlds must be expected to have a rather similar chemical constitution to 
life on ours. Perhaps in every case we may expect it to have begun with 
the creation of amino-acids and the combination of these into larger 
molecules. Nevertheless, it would be altogether too speculative to assert 
that things have always gone on in other planets as they have done here, 
and that, for example, the genetic codes are necessarily embodied in 
nucleic acid molecules as is the case here. Perhaps so, perhaps not. In any 
case, we are here talking at the biochemical level, (Smart, 1963, 56) 
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even if we suppose that the statement (to give an example of Smart's) 
‘whenever one turns the left-hand knob of a radio one gets squeaking’ 
is true, despite the fact that it is obviously also universal and non- 
analytic, we would not want to call it a ‘law’. The reason is because, 
as was mentioned earlier, the laws seem in some sense necessary 
(‘nomically’ necessary), whereas the radio statement does not seem 
necessary—somehow, its truth is a ‘matter of chance’: things could 
quite well have been otherwise. 

But let us ask ourselves now, wherein lies the source of the feeling 
of necessity that we have about laws? As Hume and Kant so force- 
fully pointed out, it is not something which we see, but is something 
which we have to supply ourselves. It is at this point, I think, that 
Smart’s criterion of unrestricted universality comes in. Although 
there is no logical implication, we feel that were something to hold 
at any place and in any time, this holding would have to be something 
over and above a matter of mere contingency. (Whether or not we 
are right in feeling this is not my concern here. I am just trying to 
see if the ‘laws’ of biology are like the ‘laws’ of physics and chemistry, 
not whether the notion of ‘law’ in itself is a tenable concept.) In 
other words, what I am suggesting is that were something to satisfy 
the criterion of unrestricted universality, we would be prepared to 
call it a ‘law’ (let us leave to one side, for the moment, the other 
condition that Smart makes of laws). 

Now, the obvious drawback to a mark of lawlikeness like the 
satisfaction of the criterion of unrestricted universality is that it is 
totally impractical. No one, as yet, can test putative laws on 
Andromeda, and no one ever will be able to test putative laws in the 
Devonian period. Thus, we must find some indirect way of convinc- 
ing, say, a lover of radios, that his law candidate (‘whenever one 
turns the left-hand knob of a radio one gets squeaking’) is not a real 
law, whereas Boyle’s law and Snell’s law are. Clearly, what we must 
do is weaken the condition of unrestricted universality down to 
something within our own range of experience. At best, we can 
demand of something before we are prepared to call it a ‘law’, that 
it be found not to clash with any of our other beliefs (in particular, 
with theories that we accept), that it be found to hold in a wide range 
of different conditions, and hopefully, some of these conditions will 
be such that we never thought of the law holding under them, before 
we first conceived of the law. Because the law is found to be true of 
many different types of circumstances, some of which were not 
‘built-in’ before we started, we think it will be true of circumstances 
throughout time and space, many of which will be quite beyond our 
imagination. The whole point is that Boyle’s law and Snell’s law have 
been found to satisfy such a wide range of situations (some of which 
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were unknown before they were formulated)—the radio ‘law’ does 
not even satisfy this very limited version of the condition of un- 
restricted universality. Hence, I would suggest that it is on such 
evidence that our feelings of nomic necessity rest.5 

Three additional points need briefly to be made before we can 
return to biology. In the first place, even though the lover of radio 
might finally relinquish his backing for his own ‘law’, he might with 
justice point to the fact that many of the things that the physicists 
would call ‘laws’ fail to satisfy even the limited condition I have given 
above. Consider, for example, the following statement suggested by 
Hempel: ‘On any celestial body that has the same radius as the earth 
but twice its mass, free fall from rest conforms to the formula 
s = 32r" (Hempel, 1966, 57). There may well be no such celestial 
body; but probably physicists would still want to call the statement 
a ‘law’. The answer to this problem is, I think, that physical scientists 
are happy to call something a ‘law’, even if the limited condition of 
unrestricted universality is satisfied only indirectly. If a statement is 
part of an axiomatic body of scientific theory or follows from such 
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Finally, there is the question of Smart’s other condition for 
lawlikeness, namely that a law should not refer to any particular 
time or place. Now, like it or not, Smart must recognize that there 
are certain things which physicists call ‘laws’ which do refer to 
particular things—Kepler’s laws are the paradigmatic example. 
Perhaps the best compromise is to distinguish, as do Hempel and 
Oppenheim, between ‘fundamental’ and ‘derivative’ laws (Hempel 
and Oppenheim, 1948). Fundamental laws are those which satisfy 
Smart’s second criterion (as do, for example, Newton’s laws), and 
derivative laws make reference to a place or time and are derived 
from fundamental laws together with other assumptions (as are 
Kepler’s laws). It should be noted that this is a compromise, for 
Kepler’s laws were considered ‘laws’, before they were shown to be 
derivable (after a fashion) from Newton’s laws. 

This brief discussion about the nature of laws concluded, let us 
now turn our attention back to biology. In view of the ground that 
has been covered, does Smart’s claim that Mendel’s laws are not real 
laws hold water? I would suggest, quite emphatically, that it does 
not. For a start, there can be a few statements of science which have 
been found to satisfy the limited condition of unrestricted universality 
more fully. Since Mendel first proposed his laws, they have been 
found to hold for a range of organisms from elephants to cod-fish, 
from sea-weed to oak-trees. Moreover, nearly all of this evidence 
came after Mendel discovered the laws—the circumstances were not 
built into his formulation. Mendel worked with a very limited range 
of organisms—mainly pea plants. And indeed, Mendel’s published 
results are probably too good to be true, and hence he may well have 
discovered the laws before he did most of his experiments on the 
pea plants (Fisher, 1936; Wright, 1966). 

Looking at the matter from the other side, let us take the specific 
charges Smart levels against Mendel’s laws. He argues that the law 
of segregation breaks down because of the phenomenon of crossing- 
over, and that, for this reason, it cannot be a genuine law. Even if 
we repair the ‘law’ so that it is no longer false, then we will probably 
get caught out elsewhere. In any case, too much by way of renovation 
will probably reduce us to talk at the biochemical level, or Smart 
later adds, to the conversion of our laws into tautologies. ‘If we try 
to produce laws in the strict sense which describe evolutionary 
processes anywhere and anywhen it would seem that we can do so 
only by turning our propositions into mere tautologies’ (Smart, 
1963, 59). 

In reply to Smart, it is worth noting first of all that, as we have 
seen, it was the law of independent assortment which stood in need 
of revision and that, in any case, the problem was linkage, not 
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place or time. In this sense, therefore, there is nothing peculiar about 
biology.” 

Before concluding this stage of the discussion one point is worth 
noting. It must be allowed that Mendel’s laws do have one feature 
not shared by every law of the physical sciences—unlike something 
like Boyle’s law, they are statistical laws. They tell us about the 
probabilities of certain things happening (e.g. ‘a gene has a 50 per 
cent chance of being transmitted’), rather than about their 
inevitability. Statistical laws occur in the physical sciences (e.g. ‘the 
half-life of radon is 3:82 days’), so the existence of biological statis- 
tical laws do not in themselves separate off the biological 
sciences; but we shall see laws of this kind recurring in biological 
discussions throughout the book, and I think it would not be unfair 
to say that we find in biology a much greater reliance on statistical 
laws than we do in many parts of the physical sciences. Hence, I 
would make the concession (one certainly not forced on me by 
Smart) that, although the discussion has not yet revealed any basic 
differences between the physical and biological sciences, frequently 
statistics plays a greater role in biology than it does in most parts of 
physics and chemistry. But this, I would emphasize, seems to be a 
difference of quantity rather than quality. It is not a firm criterion 
of demarcation of the kind that Smart seeks. 


7Smart’s example about mice seems not to affect this conclusion, once one 
adopts the distinction between fundamental and derived laws. The example 
follows from Mendel’s first law, together with certain assumptions about albinic 
genes, although I suspect that these assumptions might have to be so qualified 
that biologists might feel uneasy about calling the final product a ‘law’—rather 
than, as Smart would have it, that they would call it a ‘law’ when it really is not 
one. 
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Now since the sole basis for this claim of Smart is that there are no 
laws in biology, and since we have just shown at the end of the last 
chapter that there are indeed laws in biology, the rug has been pulled 
out from underneath him, somewhat. But of course, destroying 
Smart’s argument is not in itself a proof of the fact that the part of 
biology being discussed has an axiomatic form, and so what I shall 
do now is give a simple example as evidence that not only can 
genetics be axiomatized, but that it is in fact axiomatized (in a 
perfectly unobjectionable manner). Incidental to this main task, I 
shall supply more evidence of the fact that biology contains 
(fundamental) laws, by supplying a statement which in this instance 
is considered a ‘law’ by virtue of its place within a scientific system. 
And also, I shall show that genetics contains bridge principles 
(between the genotype and phenotype), akin to those found in the 
physical sciences. 

To say that something is axiomatized is to say that we start with 
some statements as premises (in science, these statements are laws to- 
gether with logical and mathematical truths), and from these we 
derive other statements. The derivation I want to consider is that of a 
very important law of biology known as the Hardy-Weinberg law 
(H-W law, for short). The derivation is from Mendel’s first law; from 
other biological assumptions, for example that male-female crosses 
are the same as female-male crosses (not always true, but within the 
limits set earlier); and from certain basic mathematical assumptions. 
In order to understand the H-W law we must suppose that we have a 
random-mating (‘panmictic’) population of sexual organisms. We 
must also suppose that the population is large enough to behave for 
all intents and purposes as if it were infinitely large, and for 
simplicity, let us confine ourselves to one gene locus and suppose 
that at this locus there can be either of two alleles, A, and Ag. This 
means that we can have individuals 4,4, A14, and A.A, (the two 
homozygotes and the heterozygote). Also, let us suppose that at 
some point in the history of the population, the ratio of A, genes 
to Ay is p : q. The H-W law then states that, supposing there are no 
outside influences and no mutations to or from the alleles involved, 
the gene ratio will stay at p : q, and, for all generations after the first, 
the genotypes will be divided as follows: 


p?A,A, : 2pq AA} : q? Aoda 
(i.e. in a representative sample of n organisms of the population, 
"p* will have genes 4,4,, n2pq genes A,Ao, and nq? genes A,A). 
Since we are assuming A, and A, are the only genes at this locus, 
P +q = 1, and so the law can also be stated as: 


D* Adı : 2p(1 — p)As4s : (1 - pf As4; 
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To see how this law is derived, let us assume that we have a popula- 
tion satisfying the antecedent conditions of the H-W law, and let us 
also assume that initial distribution of genes amongst the organisms 
is: 

P AA, : H Ayo : Q Azo 


(where P + H + Q = 1) 
This means that we have: 


Genes Organisms 
A, Ag Ad, AA Ass 
Frequencies p g P H Q 


Since an organism could mate in nine different ways, and since 
mating is random, we can draw up a table showing frequencies of 
types of mating as follows: 


Frequency of male organism 


Adı Ards AAs 


P H Q 
Frequency of female 
organism 
AA, P ps HP QP 
Aid: H PH H? QH 
Aaa Q PQ HQ oO 


Now, if we assume Mendel’s law of segregation, we can calculate the 
proportions of different offspring these matings will yield. 
For example: 


(1) If 4,4; breeds with 4,4, (symbolically 4,4, x A,A,), the 
offspring must be 4,4,. 

(2) If 4,4; x Aå», then the offspring are 1 4,4, and } 4,45 

(3) 4145 x 4,4, yields 1 Adı, $ Ado, 1 Ass, 3 Agda 

(4) A414» x 4,4, yields 4 4,4, and i A. 


Similarly in the other five cases. But, in this context, a male with one 
genotype breeding with a female with another genotype is equivalent 
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to a female with the first genotype breeding with a male with the 
second genotype, and obviously (although perhaps not analytically) 
an 4,4, genotype is equivalent to an 454, genotype. Thus we can 
draw up the following table showing the distribution of the genes in 
the offspring: 


Mating Frequency of offspring 
Type Frequency AA; Arda AzA 
Adı x Ad; P pt — — 
Aid x Ada 2PH PH PH — 
Adı x Asda 2PQ — 2PQ — 
Aids x Ada H° iH? iH iH 
Aids x AzA, 2HQ — HQ HQ 
Ads x Asda Q? = — Q: 
SUMS (P + 4H XP + &H)(Q + MH) (Q  àHy 


Now, the relationship between p and q, and P, H, and Q is easy to 
find. An organism with an 4,4; genotype has two A, genes, an 
AAs has one A, gene, and an 454; has none. Hence, given any 
representative N members of the population, they must have 
(2P + H). N. A, genes, and (H + 20). N. A; genes. Consequently, 
since they have 2N genes in all, the proportion of A; genes is 
[QP + H) N][2N, and the proportion of A, genes is [U7 + 20) N] 
/2N. Thus, p = P + 4H and q = 4H + Q. Hence, the distribution 
of the offspring is 


(P + &HY A,A, : AP + 4H) (Q + }H) Aids : (Q + 3H)! Adds 
or, p? A,A, : 2pq A445 : d? AsAs. 


Having now obtained the ratio stated in the H-W law, in order 
to see that the gene ratio stays the same, suppose that the new ratio 
is p, :q,. We have p, = p? + pq, and q, = pq + q*, and hence 
Pi: q, = p : q. Therefore, the H-W law is seen to hold for one 
generation, and obviously it will hold for all future generations. 
And, with the completion of this derivation, I submit both that we 
can now clearly see that at least parts of Mendelian genetics are 
axiomatized, and that some of the laws of genetics, in particular the 
H-W law, are to be considered lawlike as much as by virtue of their 


36 The Philosophy of Biology 


place within an axiomatic system as by virtue of any direct evidence 
i ight exist in their favour. 
Te this section, let us note that geneticists do seem to rely 
on bridge principles to take them from the level of the genotype 
the level of the phenotype (and, where the phenotype is not directly 
observable, to the level of observation), although admittedly, they 
often do not state these principles very explicitly. An example of the 
use of such principles occurs in a study which was made on blood 
groups of a sample of 1,279 English people (Race and Sanger, Ip 
The particular distribution of the M-N blood groups that people 


had was explained by reference to the H-W law, since the observed 
(phenotypic) frequencies were: 


M MN N 
28:38 49:57 22-05 


and, if the H-W law were being followed exactly, the (phenotypic) 
frequencies would have been: 


M MN N 
28:265 49-800 21-935 


Differences between the 
taken to be irrelevant 


so close an agreeme 
would occur only 1 


Obviously, in this case 
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Genotype Phenotype or Group 
MM M 
MN MN 
NN N 


(Race and Sanger, 1954, 54) 


Earlier, they describe agglutination tests for the detection of antigens. 
*A serum containing a known antibody is added to a saline suspension 
of red cells. If the cells carry the equivalent antigen they are agglutina- 
ted; if no agglutination occurs it is concluded that the cells lack the 
antigen’ (Race and Sanger, 1954, 3). Hence, we have bridge principles. 

Clearly, an exposition of one small part of Mendelian population 
genetics cannot prove definitively that the whole discipline is 
axiomatized, and I fully admit that many parts of the discipline 
proceed in a rather loose and informal way. But of course, the same 
can be said of most parts of physics. The important point is that it 
does now seem to be the case that, given that there is nothing forced 
about my example, the onus is upon biology’s detractors to prove 
that, despite appearances to the contrary, Mendelian population 
genetics is not a genuine axiomatic system. 


3.2 Natural selection 

The final task left in my programme at this stage of the book involves 
a consideration of the nature of explanation in Mendelian genetics. 
In order to give this consideration, it will be worthwhile if first we 
digress and discuss what is probably the most (philosophically) con- 
troversial topic in the whole of biology—natural selection. Having 
done so, the philosophical discussion can be enriched with a fairly 
sophisticated example of a genetical explanation (and, incidentally, 
we shall extend our coverage of the basic concepts and claims of 
Mendelian population genetics). 

As an introduction to the concept of selection, let us start by 
reflecting on the fact that the H-W law often strikes people as being 
little more than a truism, namely that if nothing happens to upset a 
population, then everything (i.e. the gene ratios) will remain the 
same. In fact, the law is no more of a truism than is Newton’s first 
law of motion, namely that if nothing happens to upset a body’s 
state of rest or motion, then everything will remain the same. Indeed, 
the H-W law seems important to population genetics for much the 
same reason that Newton’s first law seems important to his mechan- 
ics. By adopting his law, the Newtonian has a firm base from which 
to work. He can introduce factors for change, knowing that they 
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will not be swallowed up in an already-existing, unstable state. In a 
like manner, the population geneticist can introduce factors causing 
genetic change, confident that a background stability is guaranteed 
by the H-W law. g b . 
There seem to be two major causes of genetic change considered 
by the population geneticist: mutation and selection. Mutation we 
have already encountered. As we have seen, this change is believed 
to be random, in the sense that the cause of the change is not a 
function of the needs of the gene-carriers. But, fortunately, it does 
seem to be the case that mutation is a fairly regular process—in 
particular, it would seem that one can quantify the rate of mutation 
from one gene to another in a fairly unproblematic sort of way.! On 
the other hand, for a non-biologist, the other major cause of gene- 
ratio-change, natural selection, seems to cause grave difficulties, 
although the basic idea incorporated in the concept of natural 
selection—that some organisms are, by virtue of the special 
characteristics they have, better at the task of surviving and repro- 
ducing than other organisms and that thus there is a ‘differential 
reproduction’ between organisms, having the consequence that some 
genes will get passed on in higher proportions than other genes—is 
not that complex. 
However, what the critics of natural selection argue is that all that 
natural selection states is that some organisms (by definition ‘the 
fitter’) survive (and presumably reproduce); but they also argue that 
since fitness must be defined in terms of survival and reproduction, 
natural selection reduces to the (empirically) empty tautology that 
‘those which survive (and reproduce) are those which survive (and 
reproduce)’. Moreover, the number of critics of this kind is legion. 
Let me mention here but three. Manser argues that the whole of 
evolutionary theory is suspect, mainly because it rests on circular 
concepts. Of natural selection he writes that ‘there can be no 
independent criterion of fitness or adaptability; survival and 
adaptability or fitness are necessarily connected’ (Manser, 1965, 26). 
Hence, assertions about natural selection cannot rise above the 
analytic. Barker defends Manser’s interpretation, writing that ‘what 
constitutes fitness will obviously vary with the conditions, since 
there could be no single empirically isolable characteristic or set of 
characteristics such that any organism which possessed them would 
in all circumstances survive’ (Barker, 1969, 274). Because of this, he 
argues that natural selection presents us with a real tautology, 
although, for what it is worth, he does think that it is a ‘significant’ 
tautology. And even Smart writes that: ‘We can say that even in the 
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great nebula in Andromeda the “fittest” will survive, but this is to 
say nothing, for “fittest” has to be defined in terms of survival’ 
(Smart, 1963, 59). 

Obviously this is a pretty serious charge, or at least the critics 
think it is. Every scientific theory contains some a priori truths, 
mathematical truths for instance, and some of science’s best known 
laws hover on the edge of analyticity, Newton’s second law of motion 
for instance. But if a supposed major cause of gene-ratio-change is 
no more than a hollow tautology, then if we have a theory, for 
example Mendelian population genetics, which on the one hand uses 
the notion of selection extensively, but on the other hand claims to 
tell us significant truths about the world, then Manser’s conclusion 
that such a theory presents ‘a picture of the process’ of hereditable 
change is charitable. Hence, a first priority for us must be to address 
ourselves to the question of whether or not natural selection is in 
fact tautological. But as soon as we do address ourselves to this 
question, immediately one thing becomes obvious. Whether or not 
some formulations of the principle of natural selection are tauto- 
logical, biologists in talking of natural selection are certainly pointing 
to a non-trivial possible way in which genetic change might be 
effected. To see this, suppose one had two equal-numbered groups 
of organisms, that their members interbred within the groups but 
that the groups were reproductively isolated (from each other as well 
as from other groups), and that the first group were homozygotes for 
gene A, and the second group were homozygotes for gene B. Suppose 
now that gene carriers A had twice the sex drive of gene carriers B 
(by virtue of having gene A rather than gene B), and suppose as a 
consequence that whereas the B carriers just had one offspring for 
each parent, the A carriers had two. In one generation the A carriers 
would outnumber the B carriers 2 to 1. That is to say, whereas there 
had once been a 1 to 1 ratio between the A and B genes, the ratio 
would now be 2 to 1. And this is a conclusion which obviously holds, 
even though there might be some other causes randomly destroying 
members of the new generations, so that in absolute numbers, the 
combined size of the two groups remains the same. i 

Clearly, to claim (as biologists do) that a phenomenon like this 
occurs is not to talk in tautologies. Of course, one’s claim might be 
false—one might never get a phenomenon like this in the world, or 
such a phenomenon, even if existent, might have no biological 
significance. But this, of course, is a risk that every scientific theory 
runs. In other words, it would seem that in supposing that there is 
natural selection, contrary to the claims of the philosophers we have 
just mentioned, biologists no less than physical scientists are making 
factual claims about the world. 
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The question now becomes, why do so many people have so much 
difficulty over the concept of natural selection? At least part of the 
trouble is, I think, that the concept is much more subtle than most 
people recognize. On top of identifying instances of differential 
reproduction (such as the one I have just discussed), biologists want 
to have some way of identifying the various kinds of organisms 
involved in the selection process. Now, as the critics point out, what 
biologists want to do is, in some sense, to label the successful 
organisms the ‘fit’ organisms. Furthermore, as the critics also point 
out, ultimately the only way in which this can be done is by referring 
to the comparative reproductive successes of different organisms. 
But it is easy to see that one does not have, as the critics frequently 
which survive and reproduce 
with those which are fit. No biologist would want to deny that often 
it is the unfit organism which reproduces, whereas the fit fails to do 


when, of his own concept of 


many eggs and seeds in each 
generation get destroyed, he wrote that ‘many of these eggs or seeds 
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ductive edge. Moreover, this claim is indeed analytic, for this is a 
definition of what is meant by ‘fitter’, and this kind of stipulative 
definition is true by fiat. But it should be realized that it is not on 
this definition that the biologist rests his empirical claims. His basic 
claim, other than his claim that a differential reproduction does occur, 
is one which could well be false, for his claim is that there is a certain 
constancy about which organisms in a given type of situation will 
turn out to survive and reproduce at a rate better than others. It 
could logically be the case that in a certain situation that genotype 
carriers 4141 are much more successful at survival and reproduction 
and hence fitter than genotype carriers A242, and that in identical 
types of situation genotype carriers AAs are much more successful 
at survival and reproduction and hence fitter than genotype carriers 
4143. If this kind of randomness held, then the biologist’s treatment 
of natural selection would fall to the ground, for he would not then 
be able to connect up fitness on one occasion with fitness on other 
Occasions. The biologist’s argument is that not every logical possi- 
bility is realized—he thinks that reproductive success is (in part) a 
function of the phenotypic characters which are caused (in part) by 
the genes, and his claim is that, given any large enough population of 
kind P and given any environment of type E, a certain assignable 
Proportion (say p) of organisms with phenotype of type A brought 
àbout by genotype of type x will survive and reproduce at a specified 
rate. The biologist thinks that he, like other scientists, can generalize 
in this sort of way. However, the fact that he then defines those 
which are the most successful organisms in such environments as the 
‘fitter’ or ‘fittest’ makes no difference to the empirical nature of his 
claims, for he might be wrong in his asumption that these fit organ- 
isms (from environment to environment) are all of the same kind. 
Hence, although people like Manser are right in thinking that there 
1S something non-empirical involved here (ie. a definition), no 
grounds have been given for assuming that a theory involving selec- 
tion can give but a picture. à M em 

None of what I have written is to deny that in practice it 1s often 
Very difficult to decide which characteristics are contributing to 
fitness or to find whether or not different environments are similar 
In relevant respects. Problems of this nature will be considered in a 
later chapter. What here concerns us isa theoretical criticism and 
my reply. For reasons just given, I suggest that, in relying on the 
Concept of selection, the biologist in no way makes his ultimate 
Product inferior to those of the physical sciences; and with this 
conclusion, let us now turn to the question of the nature of explana- 
tion in population genetics. (I defend Darwin's concept of selection 
against criticisms in Ruse, 1971a.) 
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3.3 Explanation and population genetics 


The most famous (or, perhaps, notorious) claim by logical empiricists 
is that explanation in the physical sciences conforms, or ought to 
conform, to what has been called the ‘covering-law model’ of 
scientific explanation. Essentially, this model has two requirements, 
for it is argued that in order to ‘explain’ something, that is, to make 
something in some way clear or to throw light on it, one must show 
how the thing had to occur given the way that the world is, in 
particular, given the way that the world runs along certain regular 
paths. Hence, first it is argued that an adequate explanation must 
make reference to at least one law of nature in the thing doing the 
explaining (the ‘explanans’), and secondly, it is argued that there 
must be a strong link between the explanans and the thing being 
explained (the 'explanandum). Just exactly what constitutes a ‘strong 
link’ in this context has been a matter of some debate. Many writers 
on the subject believe that (a statement about) the explanandum must 
be a deductive consequence of (statements about) the explanans (e.g. 
Brodbeck, 1962); however, other writers believe that an inductive 
link between explanans and explanandum will suffice, so long as the 
former makes the latter ‘highly probable’ (e.g. Hempel, 1965). 
Important though this dispute is, limitation of space prevents me 
from going into the problem in any depth. Hence, I shall usually 
rather bluntly refer only to the need of the explanandum to be ‘de- 


- To be honest, since every covering-law 
at the explanans make the explanandum 
ink that in this case my riding roughshod 
l problem is too heinous a crime, nor will 


i cant differences to the conclusions I want 
to draw about biology. But I do recognize that there is a problem I 


am avoiding, and neither my silence nor my terminology should be 
taken to indicate my personal position about the proper solution. 
Symbolically, one can lay out the covering-law schema as follows: 
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c and for statements about initial conditions; 
but, it should be noted that although C's will occur if the explanation 
is of a particular event or phenomenon, one could have an explana- 


? From now on I shall usually ignore the difference between the explanans or 
explanandum and the statements about these. 
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tion without any C’s at all in the explanans. Such an explanation 
would obtain when the explanandum is itself a law. What one would 
be doing in a case like this would be showing how one law follows 
from another law. In such an instance, provision of an explanation 
would seem to be equivalent to showing how part of one's theory 
could be put in axiomatic form. For this reason, it would seem to 
me very strange were one to claim that a certain scientific theory is 
or could be made axiomatic, and yet one were to claim that none of 
the explanations occurring about the subject matter of that theory 
are (or could be) covering-law explanations. In confirmation of this 
Doint it can be seen without argument that the derivation given 
earlier of the H-W law, although given to support my claim that 
population genetics is axiomatic, seems also to support the claim 
that population genetics gives explanations (in this case of the H-W 
law) which fit the covering-law model. (Supporters of the covering- 
law model seem all to agree that the explanations of laws involve 
deductive inferences, although as we shall see in Chapter 10, this 
does sometimes presuppose à somewhat idealized view of science.) 
However, provision here of another explanation from population 
genetics which fits the model will not be redundant, for through such 
à provision can be shown the weakness of another claim by a 
philosopher who would drive a wedge between biology and the 
Physical sciences. Obviously a critic of biology like Smart, namely 
one who denies that biology has any laws at all, would deny that 
Population genetics could contain any covering-law explanations. 
But, at least one other philosophical commentator on biology, one 
Who is much more sympathetic to biology than Smart and one who 
is even prepared to admit that biology has laws, denies that the 
covering-law model seems an appropriate model for explanations in 
the part of biology we are considering. In The Ascent of Life, Goudge 
argues that laws in such explanations serve as ‘components in evi- 
dential systems which render explicanda [i.e. explananda] intelligible 
or rationally credible... They constitute evidential grounds for 
what is to be explained. The situation can be compared with that of 
a partially finished crossword puzzle in which various entries 
interlock and offer each other support’ (Goudge, 1961, 123-4). 
Goudge even goes as far as to say that ‘the result may be virtually 
conclusive and leave no room for alternative solutions’ (Goudge, 
1961, 124); but he still feels that the pattern of explanation to be 
found in the physical sciences is not that which is to be found in this 
Part of biology, and he claims that ‘a crossword puzzle is a more apt 
model’ (Goudge, 1961, 124). 7 . 
Against Goudge I offer the following phenomenon which I 
believe is given an explanation of a kind identical to that to be found 
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in the physical sciences and which is a covering-law explanation: 

In certain parts of Africa up to 5 per cent of the population dies 
in infancy or early childhood through a heritable form of anaemia 
sickle-cell’ anaemia). Since it is known that the acute anaemia 
occurs in homozygotes for one particular gene, this points to the fact 
that up to 40 per cent of the members of the afflicted populations 
are heterozygotes for the gene, apparently carrying it recessively. 
Given that there is so severe a pressure against the gene, and given 
also that it is far too common to be a result solely of mutation to 
it, it is very strange both that the gene should be so widespread and 
that it should be so persistent. 

The explanation of the magnitude of sickle-cell anaemia is now 
known. Populations which carry the sickle-cell gene in high pro- 
portions are just those populations living in those parts of Africa 
where a particular malarial parasite is endemic. Moreover, the 
Sickle-cell gene is not entirely recessive—indeed, what it does is to 
show its effects in the heterozygote by providing an immunity to 
malaria, an immunity not possessed by the homozygote for the 
he sickle-cell heterozygote 
he sickle-cell homozygote, 
and so the gene persists in the population. But how, it might be 
The selection against the 
far more severe than selection in 
the normal homozygote). After all, 
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the H-W law, we can calculate the Proportions of genotypes we 
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should expect to find after one generation of such selective pressures. 
For clarity, we can draw up a table as follows: 


Genotype Adı Ada AAs Total population 
Adaptive value 1-5; 1 1-S, 
Initial frequency — 4? | 24(1-9) (1-9* 1 


Frequency after : 
the selection (1 - S)| 240 -9) | ( -g*-S2) |1-S - S. -q)* 


This means that the rate of change, 4g, of the frequency of the 4; 
genes in the population in one generation is: 


gq) [S21 -9) - 5d 
pu I a 


1 - Sg - S ü-9* 
Next, let us recall that in the kind of situation which we have above, 
the polymorphism is balanced. Therefore, 4g = 0. Hence, solving 
for q, we get 


Aq = 


q = SASi + S2)- 

Finally, let us supply some actual intensities for the different 
selections, Notice how there is nothing tautological about making 
these assumptions about the intensities and assuming that they hold 
from generation to generation, which there would be were the critics 
of selection correct. Indeed, so involved an empirical matter are these 
assumptions, that I shall take the liberty of using round figures 
within the limits of error known for real-life cases, so that the 
inferences can be seen more clearly. (These are figures used by 
Livingstone, 1971.) Let us, for simplicity, suppose that in the case of 
sickle-cell anaemia all of the sickle-cell homozygotes die without 
reproducing. Hence, relative to the heterozygotes none reproduce, 
and thus, for them, S, = 1 (i.e 1 -S, = 0). Suppose also that, in 
Some population, for every four heterozygotes that reproduce only 
three normal-gene homozygotes reproduce, the other dying of 
malaria. This means that Sı = 1. Hence, if A, is the normal gene, 
and A, is the sickle-cell gene, 


s H 
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This means that in every generation, $ of the genes will be A, and 
1 will be A, even though the A, gene kills its homozygotes before 
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reproduction. Moreover, in every generation the gene carriers will be 
distributed as follows: 


Em Aids E 
# 2.$.(1-4) 0-5: 


This means that for every hundred members of the population, 
approximately 64 will be 414; homozygotes, 32 will be 4,4, hetero- 
Zygotes, and 4 will be Ada homozygotes and will die without 
n which will continue indefinitely 
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THE THEORY OF EVOLUTION 
I: THE STRUCTURE 


The reader who has some knowledge of modern evolutionary theory 
will possibly, by now, be feeling somewhat disoriented, not to say 
irritated. He will know, to put it very briefly, that the modern theory 
of evolution is simply the working out of the claim that organisms 
did not just ‘spring into being’ but were rather the result of a long, 
relatively slow process of natural selection acting on constantly 
appearing, random, heritable variations. But this, such a reader 
might with justice point out, seems suspiciously similar to the theory 
l have just been considering under the heading of 'population 
genetics’. Where then is the place of evolutionary theory? Is 
Population genetics’ just another name for it, in which case we seem 
already to have covered the theory, or are the two things quite 
Separate, in which case (assuming that evolutionary theory is in fact 
about selection and so on), how do we account for the fact that 
Population genetics and evolutionary theory seemingly share so 
many concepts? 

A reader's bemusement at this stage is quite understandable; but, 
I would suggest that neither alternative points in quite the true 
direction. To find the right answer about the nature of modern 
evolutionary theory (and its relation to population genetics) one 
must understand that basic to modern evolutionary thought is the 
Claim that the answers to questions about large-scale evolutionary 
Changes are to be found in our knowledge of small-scale evolutionary 
changes—changes so small that they would not normally be labelled 
evolutionary’. Modern biologists believe that the organic world 
which we see around us (and, of which, we are a part) is indeed the 
Product of a slow, gradual, evolutionary process; however, they 
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believe that the process which brings about the largest changes is no 
more than the long-term cumulative effect of processes which bring 
about the smallest heritable changes. But, since population genetics 
is the science which studies these small changes, we can therefore 
see its importance for the study of large changes—the study which 
is called ‘evolutionary theory’. Population genetics is presupposed by 
all other evolutionary studies. 

Let us consider this point I am making in more detail. As we shall 
see in this and the succeeding chapters, many (if not most) of the 
misconceptions of evolutionary theory stem from the failure to 
recognize the fundamental importance of population genetics for 
evolutionary thought. (Loci classici on evolutionary theory include 
Dobzhansky 1937, 3rd ed. 1951, revised and retitled 1970; Simpson, 
1953; Mayr 1942, 1963; Stebbins 1950.) 
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Figure 4.1 
(In this figure, the rectangles represent various disciplines; the 
double lines the links between population genetics and other 
areas—such links are actually supposed to exist; and the single 
lines links between the subsidiary disciplines—although such links 
do exist, those shown in the figure are just illustrative, they do 
not necessarily denote particular instances.) 


Given the approach adopted so far in this book, the obvious 
question which arises is in just what respects evolutionary theory (in 
the way conceived above) is a theory like physics and chemistry ? 
The answer to this is that, by virtue of the fact that the theory of 
evolution has population genetics as its core, it shares many of the 
features of the physical sciences. The most vital part of the theory is 
axiomatized; through this part (if through nothing else) the theory 
contains reference to theoretical (non-observable, etc.) entities as 
well as to non-theoretical (observable, etc.) entities; there are bridge 
principles; and so on. However, once this has been said, it cannot 
be denied that the whole theory does not possess the deductive 
Completeness possessed, say, by Newtonian mechanics. Because of 
many factors—the newness of the theory, the fact that many 
pertinent pieces of information are irretrievably lost, the incredible 
Magnitude and complexity of the problems, and so on—many of the 
Parts of evolutionary theory are just ‘sketched in’. What one finds, 
instead of explicitly formulated strong links between various levels, 
are suggestions, hypotheses, extremely weak inductive inferences, and 
frequently, outright guesses. Hence, at best, one can say that 
evolutionists have the hypothetico-deductive model as an ideal in 
Some sense—they are far from having it as a realized actuality. 

Of course, the next question to come up is in just precisely what 
Sense can one say that evolutionists have the hypothetico-deductive 
model as an ‘ideal’? I hope that in this and the next chapter my usage 
of this term will become fairly clear; but towards a preliminary 
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clarification, let me note at once that I shall not be claiming that 
evolutionists do or must put all other considerations aside in the 
quest for a logically rigorous, deductive theory. (For this reason, I 
have no time for the Woodgerian ‘axiomatize before-all-else’ school. 
A typical example is Williams, 1970, who succeeds in her axiomatiz- 
ation of evolutionary theory only by avoiding all mention. of 
genetics! My claims will be that I can see no good theoretical 
reasons standing in the way of a deductive evolutionary theory, that 
the history of evolutionary theory seems to point towards an ever 
greater exemplification of the axiomatic ideal, and, most importantly 
(and to be argued in Chapter 5), that not only do there seem to be 
grave weaknesses in proposals which have been forwarded as 
alternatives to the idea of evolutionary arguments as deductive (or 
perhaps strong inductive) sketches, but that the only way of remedy- 
ing these weaknesses seems to be one pointing in the direction of 
completed deductive arguments as the ultimate realization of 
evolutionary studies, 
before we explore these points in more detail it will be 


convenient first to examine other aspects of the way in which I have 
characterized evolutionary theory, for, 
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Bergmann's principles as consequences of one or more hypotheses of 
greater generality. There are a number of small hierarchies of this 
character scattered about evolution theory, but the theory as a whole does 
not approach this type of organization. It is impossible to be dogmatic on 
the point, but it does seem to be true that this fact is not due to the under- 
developed state of biology, but to the nature of biological subject matter. 
-.. My own view is that evolution theory consists of a family of related 
models; that most evolutionary explanations are based upon assumptions 
that, in the individual case, are not highly confirmed; but that the various 
models in the theory provide evidential support for their neighbors. The 
Subsidiary hypotheses and assumptions that are made for the sake of 
particular explanations in one model recur again and again in other 
related models, with or without modification and local adaptation. To use 
the metaphor of Agnes Arber, biological theory is less ‘linear’ than e.g. 
physical theory, and is more ‘reticulate’. (Beckner, 1959, 159-60) 


If one were to draw a picture representing the way in which 
Beckner sees evolutionary theory, then it would come out something 
like Figure 4.2. 
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Figure 4.2 


(No attempt has been made at completeness, and all of the arrowed 


lines are merely illustrative.) 


Now clearly it will not be a particularly easy task to decide between 
the way in which I view evolutionary theory and the way in which 

ckner sees it. Apart from anything else, there is quite a bit of 
Overlap in the two visions, for we both recognize that although there 
are formal parts, much of the theory is diffuse and merely suggestive. 
Nevertheless, one can, I think, give arguments showing that my 
characterization of evolutionary theory, one which gives a special 
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role to population genetics, is better than Beckner's. I shall here offer 
two such arguments. The first argument will be in the form of an 
analysis of a type of explanation made, in an area of evolutionary 
studies, with the aid of evolutionary theory. I shall show the role and 
importance of population genetics in this explanation, citing it as 
evidence in favour of my viewpoint. Admittedly, Beckner does 
concede that things like the H-W law keep cropping up in evolution- 
ary explanations and he even admits the great value of population 
genetics; but for him, this seems to be a matter of mere chance or, at 
least, as something which does not conflict with his above-given 
characterization of the theory—a characterization which deliberately 
does not put any area of evolutionary studies in a unique position 
above all others. Through my example, I shall try to show that it is 
better to view the occurrence of such laws as the H-W law as 
pointing to fundamental aspects of evolutionary theory. My second 
argument will involve a discussion of the one positive reason that 
Beckner offers in favour of his view—the supposed non-connection 
of evolutionary laws with the main part of the theory. I shall argue 
that here also my analysis of the theory is more satisfactory. 
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is well known, recognition that so small a total land mass carries so 
many different forms of what is essentially one kind of bird was one 
of the chief factors triggering Darwin’s quest for, and discovery of, 
a theory of evolution. 

The explanation that evolutionists give of this and like phenomena 
begins as follows. First, they argue that in such cases the organic 
similarity presupposes a group of ancestral mainland organisms, 
from which both the (modern) mainland and the island populations 
are descended. They also argue that the passage between mainland 
and island (and island and island) is made infrequently (because of 
natural barriers like winds), but that if it occurs at intervals, the new 
arrivals will evolve into a new species, similar to but different from 
those already there. Thirdly, they argue that the kinds of organisms 
which will settle on islands obviously must be those with some 
chance of getting there. Birds, for example, have such a chance of 
being blown there by the wind. Large land animals, on the other 
hand, have little or no chance of crossing comparatively large tracts 
of water. 

As an illustration of an explanation such as this it is worth 
considering the explanation of Darwin’s finches given by David 
Lack in his monograph, Darwin’s Finches. Lack points to the 
barriers formed by the water between the islands of the archipelago, 
noting that birds are often reluctant to cross watery expanses, even 
though they are physiologically capable of doing so. He also tries to 
show why the finches were able to evolve as much as they did, 
putting this down mainly to the absence of other passerine-bird 
competitors on the islands. Lack even points to the fact that the 
degree of speciation seems to be a direct function of the relative 
isolation within the island group of the island on which a bird 
Population occurs—the moderately isolated islands having a lower 
Proportion of peculiar forms than the most isolated islands, but a 
higher proportion than the central Galapagos islands. Figure 4.3, 
giving the percentage of endemic forms of Darwin’s finches on each 
island, shows clearly the effect of this isolation. Lack adds that, from 
the bird viewpoint, Charles, Chatham and Hood, are more isolated 
than the map might suggest, since the trade-winds blow from the 


south and south-east, making bird dispersal comparatively difficult. 
all of this may be, as one reads 
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University Press.) 
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which require time on geological scales, other than through understanding 
of microevolutionary processes observable within the span of a human 
lifetime, often controlled by man's will, and sometimes reproducible in 
laboratory experiments. (Dobzhansky, 1951, 16) 


In the case of something like island species, the way in which this 
appeal to population genetics is translated into practice seems to be 
basically through the realization that under the very different 
conditions that prevail on islands (as opposed to the mainland) the 
new founding populations will be subject to severe selective forces 
of a kind quite different from those encountered by the mainland 
parential organisms. In other words, a differential reproduction will 
occur within the island groups; but since conditions differ from the 
mainland (in the case of Darwin’s finches, the absence of passerine- 
bird competitors on the archipelago is one major difference in 
environmental conditions), the fit island organisms will tend to be 
fit by virtue of phenotypic characteristics which are not necessarily 
those conferring fitness on mainland organisms. These phenotypic 
characteristics are, as we have seen in the last two chapters, thought 
to be correlated in some way with genotypes, and thus, through 
selection (and new mutation) we get a divergence of the island 
Populations from the mainland population. 

But notice how this supposition of a divergence, even if we do 
(through bridge principles) assume a correlation between genotype 
and phenotype, still requires assumptions like Mendel’s laws—if such 
laws did not hold, and were not taken as the starting-point by 
evolutionists, then there would be no reason for concluding that 
even the most severe selective forces would leave their marks on 
future generations. If, for example, genes in some way blended in each 
generation (and this was reflected in a blending of phenotypic 
characteristics), then however advantageous à phenotypic character- 
istic proved to be, there could be no guarantee that this characteristic 
could be selected for the future. With blending, in one generation 
even the most advantageous new phenotypic characteristic would 
have its effectiveness halved, and in a few generations it would be 
blended practically out of existence, unless one assumes massive 
mutation rates counteracting the effects of blending. But such muta- 
tion rates are known not to hold. Thus we can truly say that 
It is only because of their knowledge of Mendelian genetics, par- 
ticularly of Mendelian population genetics, that biologists can be 
Sure that the island selective forces will have evolutionary conse- 
quences, Hence it is not for nothing that Dobzhansky has written of 
the Hardy-Weinberg law that it ‘is the foundation of population 
Benetics and of modern evolutionary theory' (1953, 53). Without 
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Population genetical studies of groups of interbreeding organisms 
have shown the, perhaps surprising, conclusion that such groups can 
be quite variable genetically. Despite a pretty fundamental genetic 
similarity between the members of such a group, considerable 
latitude for difference still exists. The phenomenon of balanced 
polymorphism, discussed in the previous chapter, is one of the 
reasons that population genetics can give to account for this fact. 
In the case of balanced polymorphism, as we have seen, given certain 
(constant) selective forces, carriers of different (competing) genotypes 
can exist indefinitely within a population. But this genetic variability, 
highlighted and explained by population genetics, means that 
founders of island populations will not be ‘average’ members of their 
parental species, for there are no average members in quite this way. 
The founders will carry genes peculiar to a few members of the 
Parental group, and will not carry many of the genes carried by the 
Parental group. This fact is thought to account for the lack of 
Variability commonly found in island groups and, more importantly, 
for a good part of the evolution of the island groups from the parents 
and from successive founders (who will in turn form their own inter- 
breeding groups). A group with small genetic variability facing new 
Selective pressures might well ‘improvise’ in a way that a large 
Variable group (e.g. the parental group) would not. In the large 
group, a genotype A,A, might be fitter than a genotype 454; but in 
the small group, only the genotype A24 might exist. But possession 
Of 4,4, might mean that genes at other loci are fitter (than they 
Would be if the carrier had 4,41), and so on and on, leading rapidly 
to alteration of the genotypes, drastically different from those 
Possessed by the parental organisms, from those of subsequent 
founders (who would also be subject to great change), and even from 
the original founders. Thus we have an additional reason to account 
for the kinds of organisms found on islands. ; 

. Enough has now been said to underline my claim about the 
importance of population genetics for evolutionary explanations. 
Given the way that, despite their use of principles particular to the 
area (e.g. about the ability of birds to cross open water) evolutionists 
appeal to a background knowledge of population genetics to provide 
much of their explanation, I find my account of evolutionary theory 
—one which squarely accepts (and even demands) this use of 
Population genetics—to be more satisfying than that of Beckner. 
Possibly the reply that Beckner might make at this point is that one 
example cannot prove my general claims about the structure of 
evolutionary theory, since my claims are about the way in which 
Population genetics is presupposed by and integrates the whole of 
evolutionary theory. By discussing one example from systematics I 
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have hardly considered all of the theory. There isa little truth in m 
although I would suggest that my example is sufficiently ies a 
evolutionary explanations that one can generalize to other vies à 
evolutionary study. Indeed, it seems to me that if ons adop E 
position like Beckner’s, one must at least allow the possibility o: E 
area of evolutionary discussion which does not in any way rely a 
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confess that I cannot see how a discussion which has no pem 
connexion with the laws of heredity as applied to groups or e 
natural selection could nevertheless be part of the synthetic theory 0 
evolution. This claim Presupposes, of course, that reference to the 
laws of heredity as applied to groups and to natural selection involve 


of selection operates essentially at the 
should read the works given on page 48.2 1 
Unfortunately, limitations of space prevent my giving severa 
other examples here to illustrate and Strengthen my claim about the 
Structure of evolutionary theory; but as I turn now to a 
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integrating function of population genetics, Moreover, the same 
Point will apply with even more force when we come in the next 
chapter to consider examples (e.g. from paleontology) which purport 
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to show that the deductive ideal is misplaced in evolutionary thought. 
Thus Beckner's fears on this score will be allayed. 


43 Evolutionary ‘laws’ 
Early evolutionists (and some later ones) eagerly enshrined every 
regularity (real or apparent) which they noticed in evolutionary 
phenomena in a ‘law’. Some of these ‘laws’ supposedly refer to all 
kinds of organisms, and amongst them we can mention the two 
named by Beckner, Williston’s principle and Bergmann’s principle. 
The former states that repetitive serial structures in animals evolve 
so as to become less numerous but more differentiated; the latter 
States that in colder regions the members of the geographical races 
of warm blooded animals are larger than the members of the races of 
the same species in warmer regions. Other similar ‘laws’ are Allen’s 
rule, that the extremities of warm blooded organisms are smaller in 
colder regions than in warmer regions, and the ‘law’ which is prob- 
ably most famous of them all, Dollo’s law, stating that evolution 
cannot be reversed. Today, possibly the most distinguished advocate 
of evolutionary laws is Rensch, who makes his claims, as many 
before him did not, in the full knowledge of contemporary evolu- 
tionary theory. Rensch argues eloquently that one can also justifiably 
locate lawlike trends restricted to particular groups of organisms, and 
one example amongst many which he gives is that ‘animals, the 
enemies of which find their prey by the eyes, develop protecting 
Colors or shapes (including threatening colors and mimicry)’ 
(Rensch, 1960, 108). Beckner argues that the existence of laws such 
as these show that evolutionary theory cannot have the same 
Structure as a physical theory (specifically Newtonian mechanics), 
because they are not exhibited as consequences of evolutionary 
theory in the same way that Kepler’s laws follow from Newton’s 
theory. The question we must ask is whether or not Beckner is right 
In this claim (and if so, what follows from it). "n 
The first thing one should note is that actually it is to be hoped 
that most of these ‘laws’ do not follow too precisely from evolutionary 
theory, because they have so many exceptions. For example, Rensch 
found 20-30 per cent of palearctic and nearctic birds were exceptions 
to Bergmann’s principle. For palearctic and nearctic mammals the 
exceptions rose to 30-40 per cent. For this reason, most evolutionists 
Prefer to think of the ‘laws’ as ‘rules’ or ‘principles’, rather than as 
anything rigidly nomically necessary. Indeed, some evolutionists, 
Simpson (1963a) in particular, refuse to allow that they are in any 
Sense nomically necessary. Whatever the case may be, no evolutionist 
gives them a very important role in his studies—certainly nothing 
like the place accorded to Galileo’s or Kepler's laws. They seem to 
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Sometimes, one could have strong selective pressures in cold regions 
against genes causing increased body-size, and hence the organism 
would seek other methods of conserving heat. For instance, one 
species of pocket gophers has smaller members in colder regions. 
Apparently, this is due to the fact that its colder regions coincide 
with higher altitude regions, and that since the soil is shallower in 
such regions, there is a selective premium for smaller gophers needing 
less room in which to burrow (Mayr, 1942, 1963). 

The other evolutionary laws seem to bear a similar relationship to 
evolutionary theory. Take, for example, Dollo's law. This is perhaps 
the most reliable of all of the evolutionary laws; but even it has 
exceptions of a kind—back mutations occur, and lost combinations 
of genes can be found. It is even possible, in a way, for organisms 
to reverse large-scale, evolutionary phenomena—organisms in some 
lines got smaller and then larger, nearly all the animals without sex 
have early ancestors without sex and more recent ancestors with sex, 
and, as is well known, the ancestors of the whale left the sea and then 
returned. On the other hand, even though exceptions like these are 
enough to make Simpson refuse to grant that it is a real law, clearly 
the ‘law’ does have some plausibility—whales did not go back to 
being fish, for example. Moreover, Simpson himself justifies the law 
by an appeal to genetics. He writes: 

The statistical probability of a complete reversal or of essential reversal to 
à very remote condition is extremely small. Functional, adapted organisms 
noticeably different in structure have different genetic systems. They differ 
In tens, hundreds, or thousands of genes, and such genes as are the same 
have different modifiers and are fitted into differently integrated genetic 
backgrounds. A single structure is likely to be affected by many different 
Benetic factors, and practically certain to be if its development is at all 
Complex. The chances that the whole system will revert to that of a dis- 
tinctly different ancestor, or even that this will happen for any one 
nae of moderate complexity, are infinitesimally small. (Simpson, 
, 311) 


Finally, it is worth noting that Simpson concludes this passage by 
appealing to a technical paper by the geneticist Muller (1939) for 
Support. 

I must confess that, dubious though the value of the ‘laws of 
evolution’ undoubtedly is, in the light of evidence such as we have 
Just seen, I cannot see that Beckner strengthens his hand by appealing 
to them for support. They seem to follow in some way from evolution- 
ary theory—they are not isolated statements as Beckner’s account 
implies—and I think that the spelling out of the detail about their 
relationship to the theory ultimately involves reference to genetics, 
particularly population genetics. Certainly population genetics 


62 The Philosophy of Biology 


would be needed in, say, an explanation of Bergmann’s piney 
which showed how the selection of genes for increased ie 
heat-conservation could spread such genes through an entire popu a 
tion. Hence, ‘laws’ like these do seem to be “consequences of one 2] 
more hypotheses of greater generality', for an understanding , 
something like the Hardy-Weinberg law is required in an os ee 
of something like Bergmann’s principle. Of course, whether a T 

spelling out of the consequence-relationship would eventua : 
be deductive has not yet been proven; but before I turn to thi 

question, I want first to discuss three rather negative arguments, 


all purporting to show that such a deductive spelling out would be 
impossible. 


y ; : a > ‘hle? 
44 Is an axiomatic evolutionary theory theoretically impossible! 
One of the major themes of G 
evolutionary theory is a theory 


» a (deductive) axiomatic form. 
Goudge’s first argument runs as follows: 


The concepts which occur in 
absolutely fixe 


istry. Physico-chemical concepts refer 
ms and acids; but give? 
d never be incorporate 
usly can be, his argumen 
Presumably, what Goudge really means 


The theory of evolution. I: The structure 63 


phenomena, evolutionary concepts could never have such a limited 
meaning, and therefore evolutionary concepts could never be 
incorporated within an axiomatic system. 

It is not that difficult to see that even this modified criticism is 
gravely in error. For a moment, let us grant the rather dubious truth 
of the premise that the concepts of an axiomatic system must have 
a fairly limited meaning. Goudge’s criticism still flounders on the 
fact that we encounter physical phenomena of enormous complexity 
—at least as complex as anything biological—and yet concepts which 
refer to these phenomena can be incorporated within the axiomatic 
Systems of physics. Consider, for example, planets. These are highly 
complex phenomena—indeed, presumably a full description of what 
We meant by the planet ‘Earth’ would involve a full description of all 
the life on it—but despite this complexity, laws about the planets can 
be deduced from that axiomatic system known as ‘Newtonian 
mechanics’. Goudge must therefore be mistaken when, a priori, he 
Tules out the possibility of axiomatic evolutionary systems because 
of the complexity of evolutionary phenomena. Physical phenomena 
are just as complex; but physics has axiomatic systems. Of course, 
this is not to deny the difficulty of giving an axiomatic theory about 
complex phenomena; but complexity in itself cannot (for theoretical 
Teasons) bar such a theory. 

Goudge’s second argument purporting 
of ever having an axiomatic evolutionary 
The framework of statements constituting evolutionary theory is at present 
lacking in the tidiness and completeness which should exist before any 
axiomatization is undertaken. Since the theory is expounded discursively 

Y biologists, it is often formulated in different Ways with differences of 
emphasis on details. Modifications are being periodically introduced as 
fresh evidence comes to light and new theoretical interpretations are 
Proposed, Any attempt to ‘freeze’ such a growing body of ideas ina formal 
Scheme would result in grave misrepresentations. (Goudge, 1961, 16) 


I think that of all Goudge’s arguments this is the one with the 
greatest element of truth, and I shall elaborate on this point at the 
end of the section, However, taken as it stands as an argument 
against any kind of axiomatization in evolutionary work, I think that 
it fails, for immediately one wants to ask when exactly a theory does 
achieve the ‘tidiness and completeness’ requisite for an axiomatiza- 
lion? But as soon as this question is asked, then one can see that 
Goudge's somewhat sweeping position is founded on a rather naive 
View of theory-construction. Goudge seems to imply that first of all 
à scientist gathers together a colossal body of information about his 
Subject—concepts, laws, explanations, and such like—and only when 
he has done this does he then sit down and try to build an axiomatic 
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the modern theory presents formally parts which Darwin did not. 
Darwin’s views on heredity were a notorious hotch-potch of fiction 
and improvisation without any cohesion. Today, as we have seen, 
heredity is the subject of the most formal part of evolutionary 
thought. But this change from Darwin to the present would seem to 
end any doubts that Goudge has. Darwin’s theory was axiomatic 
(albeit, only in parts and that very loosely) and so also is the modern 
theory (again, only in a sketched form); nevertheless, this has not 
Prevented some very thorough developments within the theory. 
Indeed, through what has probably been the greatest development 
of the theory has come a much increased reliance on the axiomatic 
method. Population genetics as was sketched in the past two chapters 
Is Obviously a much more extensive and rigorous attempt at an 
axiomatic system than are the passages in the Origin (like that just 
given) which approximate to the axiomatic form. Hence, through 
the incorporation of population genetics into evolutionary theory 
there has been an extension of the axiomatic nature of evolutionary 
theory, Moreover, in conclusion one can add that even if axiomatiza- 
tion had retarded development, Goudge could only argue that an 
axiomatization for Darwin was a bad thing. His argument would not 
Show an axiomatization to be a bad thing, either now or in the future. 
(A detailed analysis of Darwin’s arguments is given in Ruse, 1971a.) 

Finally, we come to Goudge's third argument, one which is 
extremely popular amongst those who would argue that evolutionary 
theory is different. It revolves around the supposedly peculiarly 
historical nature of the theory of evolution. Goudge argues as 
follows: 


The theory of evolution contains as an essential part of its structure a 
umber of historical statements. These deal with such phenomena as 
Phylogenetic trends, adaptive radiation, the extinction of past forms of 
ife, etc. But no evolutionist would be likely to agree that the statements 
Of natural history can be deduced as logical consequences of a set of 
postulates. Consequently, the presence of historical statements makes it 
impossible to construct a full axiomatization of the theory. (Goudge, 
1961, 16) 

Again I think that Goudge's argument fails. Clearly, one could 
deduce statements of natural history from a set of postulates. Indeed, 
1t one were so inclined, one could deduce anything at all from a set 
Of postulates, just so long as one used the right postulates. Presum- 
ably, what Goudge really means is that given only a set of (non- 
Contradictory) postulates which do not make references to particular 
times, then one could not infer any conclusions which make 
Teferences to particular times, and if one excludes trivial counter- 
Instances (such as p, therefore p v r, where p is non-historical and 
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r is historical), this claim seems to be well-taken. — a 
though this weakened claim I am ascribing to Goudge is rene 
even though an axiomatized evolutionary theory might = — 
references to particular times in its premises, the ines etl 
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With these statements one can deduce further temporal statemen 
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For example, there is the statement that the trade wind blows from 
the south-east quarter, where lie the islands of Chatham, Hood and 
Charles. This, I assume, is a statement implicitly informing one that 
such a wind blows now, and has done since the birds started to 
evolve on the Galapagos. 

However, if Goudge is right, then even a statement about trade 
winds has to be part of evolutionary theory, for it is from such 
statements that we derive other temporally bound statements—not 
from statements about the theory of population genetics. But this 
Conclusion seems implausible. If anything, the statement about the 
trade wind belongs to meteorology. There is certainly nothing 
biological at all about it. In fact, even those temporally bound 
statements which do refer to organisms do not seem to be particularly 
evolutionary—unless by definition one makes every statement about 
organisms ‘evolutionary’. Take, for example, Lack’s claim that there 
Were no other passerine birds when the finches first came to the 
Galapagos Archipelago. Why is this statement, in itself, any more 
evolutionary than the statement that some specified beam has only 
a five-pound weight attached, Newtonian? Obviously, we do not 
think the latter statement particularly Newtonian, although this is 
Not to deny that we might be able to use it in conjunction with 

ewtonian mechanics to derive other statements. Similarly, there 
Seems no reason why we should not treat the former statement about 
the non-existence of passerine birds on the Galapagos in the same 
way. It, and like statements, can be used in conjunction with 
evolutionary theory to derive other statements; but, in itself, such a 
Statement is not part of the theory. In other words, there seems no 
Teason to analyse evolutionary theory in a way different from the 
analysis needed for physical theories. 


What has led Goudge to argue as h t 
à mistake which is fairly commonly made about evolutionary theory, 


in particular, he has confused the theory of evolution, the thing 
Which tells one about the mechanisms of evolution, with descriptions 
of the historical paths taken by evolving groups of organisms 
(phylogenies’). Phylogenies are obviously historical; but although 
We may come to learn about them and understand them through the 
theory of evolution, they are not themselves part of the theory which 
Tather is, in this sense, no more historical than any other theory. 

ne can, for example, similarly distinguish between the non- 

istorica] Newtonian mechanics and the historical descriptions of the 
Paths planets took in the past. This is not to deny that because 
evolutionists spend comparatively more time studying the history of 
Organisms than physicists spend studying the history of planets, 
evolutionary studies seem more historical than physics. But this does 
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not in itself make the theory of evolution historical in the sense that 
it is tied to particular events in the Earth’s history. (A different 
point, and one which I shall be considering in Chapter 10, is whether 
biological theories in general contain concepts with any kind of 
historical dimension. Here, I have not argued for or against this; 
but neither has Goudge. Its resolution has no relevance to the 
question of axiomatization.) 

Finally in this chapter, let me pick up the point that I made about 
Goudge’s argument against premature axiomatization having an 
element of truth. Goudge's arguments do not show that axiomatiza- 
tion per se is a bad thing; but as I said earlier I do share what I think 
is a common concern with Goudge that it not be thought that 
biologists do or ought to axiomatize evolutionary theory, no matter 
what the cost. I am not rigidly against axiomatization in principle or 
in practice as Goudge seems to be (and as biologists are not); but it 
is certainly the case that evolutionists do face enormous practica 
S, and there is a constant reshuffling an 

which a blind drive for axiomatizatioD 
The danger behind any attempt to arm 
c vision of a theory is, as Goudge rightly 
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THE THEORY OF EVOLUTION 


II: EXPLANATION 


The question only partly answered in the previous chapter was that 
of why one should think a deductive model could have any relevance 
to the links between the various levels of evolutionary theory. As I 
explained in an earlier chapter, this question is just one of a set of 
general questions about evolutionary explanations, for, as we have 
Seen, scientific explanations seem to be directed towards two 
different kinds of things. First there are explanations of individual 
acts; secondly there are explanations of laws. But, as we have also 
Seen, there seem to be two basic questions about such explanations. 

itst, is it the case that, as the covering-law model of scientific 
explanation stipulates, the thing explaining (the explanans) contains 
at least one law? This question seems to be directed essentially 
towards explanations of particular facts, since I doubt if anyone 
Would deny that the explanation of laws (if they are explicable) calls 
ii laws in the explanans. Secondly, there is the question of what kind 
of links exist between explanans and explanandum (thing explained). 
S it the case that, as the covering-law model stipulates, the links 
Must be deductive (or strongly inductive as some versions of the 
Model allow)? Now this question applies both to explanations of 
Individual facts and to explanations of laws. But the problem of the 
explanations of laws seems to be precisely that of the question of the 
Telationship between statements at different levels of a theory, for 

Ow else does one explain laws like, say, Kepler’s laws, other than 
>Y Showing how they follow in some way from higher-level statements 
in the theory (like Newton’s law of gravitation)? Thus it would seem 
that by addressing ourselves to general questions about evolutionary 
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explanations, my claim that evolutionary theory is a hypothetico- 
deductive sketch will not be ignored. 

No one would deny that most evolutionary explanations as 
actually given do not satisfy the covering-law model; but, one might 
want to ask, why should anyone deny that the model is in some 
important sense an ideal—the ultimate goal of evolutionists? I think 
one of the chief motivations of the critics of the model stems from 
the fact that, as has often been noted, closely related to the covering- 
law model of scientific explanation is a model for scientific pre- 
diction. In particular, if one has a covering-law explanation, then 
this could have been used for a prediction—the only difference being 
that in an explanation, the conclusion of one’s argument (the 
explanandum) has already occurred, whereas in a prediction, the 
truth stated by the conclusion has yet to occur. (The converse does 
not seem to be entirely true, for although many scientific predictions 
are of the covering-law form, some are clearly not.) But the critics 
of the model, bearing in mind this close relationship between 
covering-law explanation and prediction, have taken note of the fact 
that although evolutionary theory seems fairly explanatory, as an 
organ of prediction it seems less than first class. Through the theory 
one might be able to throw some explanatory light on the evolution 
of certain groups of organisms, for example, Darwin’s finches; yet 
one could never have predicted this evolution before the event. Of 
course, covering-law modellists can hardly deny this fact; but this 
does not shake their faith in the model. They find the source of the 
lack of predictive power of the theory partly in the fact that many of 
the explanations of the theory are only sketched in because vital 
premises and links are unknown and therefore omitted, and partly 
in the fact that it is only with hindsight that one can recognize the 
truth and importance of many of the facts needed for evolutionary 
explanations. (Who, for example, could have realized that the absence 
of passerine birds on the Galapagos would have been so important 
in the evolution of Darwin's finches?) However, the critics argue 
that the lack of predictive power of evolutionary theory points to the 
fact that the covering-law model is not appropriate for evolutionary 
theory. The theory, they argue, has perfectly adequate models of its 
own—models which explain, but which do not predict. In this chapter 
I shall consider three such models, all of which I shall show are less 
than satisfactory. I hope that my criticisms will reveal positive 
reasons for accepting the covering-law model in the context of 
evolutionary studies; but to conclude the chapter I shall explain why 
I find it intuitively implausible to Suppose that evolutionary 
explanations have a model which is not that of the explanations of 
the physical sciences (whose model I take to be the covering-law 
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Pow gs this chapter I shall be arguing for the necessity of 
oe 4 ay explanation, for it is against this that evolutionary 
Ear M een used. I shall pay little attention to the question of 
b kh. covering-law explanations are good scientific explana- 
[A hough it is clear that some are not. A deduction of a law 
itself fits the model; but it is not much of an explanation.) 


7 a Characteristically genetic explanations 

Fire rhe argues that within evolutionary biology we find good 

De explanations which cannot in any sense be used for 

iud; ion. (Scriven, 1958, offers a very similar argument.) About 
explanations, which he calls *characteristically genetic 


e Cis: T n 
xplanations’, Gallie writes as follows: 


MH prer equisite of a characteristically genetic explanation is that we 
Whose st gnize the explicandum [i.e. explanandum] as a temporal whole 
certain a either contains certain persistent factors or else shows a 
or an a nite direction of change or development. Thereupon we look 
Per cca event, the explicans [i.e. explanans], which can be 
grounds ( eo condition of the explicandum, on ordinary inductive 
ground HS servations of analogous cases), but more specifically on the 
9f directi à probable continuity—in respect of either persistent factors or 
1955, 155) of change—between explicans and explicandum. (Gallie, 


U i ret 
ace the covering-law explanation, therefore, the characteristically 
expl, ic explanation makes no appeal to laws (at least, not in the 


icans), nor does it attempt to specify the kinds of link between 


ex 
Plicans and explicandum demanded by the covering-law model. 
ly grounds for a deductive 


in tina condition is not necessari d a 
inductive nor even for saying that the explicans gives strong 
is esf. Support to the explicandum. (Following Gallie, I shall in 
ore ci ion use the alternative ‘explicans’ and explicandum’ for the 
The ommon 'explanans" and *explanandum J 
voluti example which Gallie chooses to illustrate his model of 
Dous uid explanation is one which occurs with rather monoto- 
the e Tequency in philosophical discussions about biology—it is 
Xplanation of the long necks of giraffes. He writes: 
arisen through a 
ed species because, at every stage in 


thi; SiOn of longer and longer neck age i 
lly long necks gave the species in 


S sei 2 
Ques Ad possession of unusua 
it n certain advantages, e.g. as regar 


egiti E 
cans mate interpretation—of the “because 1 
Simply that the giraffe and the intermediate species would probably 
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not have survived unless they had possessed certain advantages connected 
with the possession of long necks, then it is an extremely puse 
conjecture. There can be no doubt but that this is a conjecture which rea y 
explains: it enables us to pass from the relatively platitudinous assertion 
that the species giraffe could not have arisen except from the ancestry 
which, on grounds of continuity, it would appear to have had, to the 
assertion that unless its ancestry had displayed certain characteristics 
‘which are specifically mentioned, or unless this ancestry had conformed in 
certain specified ways to the general requirement of competition for sur- 
vival, the species giraffe would not exist today. (Gallie, 1955, 157) 


Now, let us look briefly first at Gallie’s general model for 
evolutionary explanation, and then at the specific example which he 
offers us. As far as the first point is concerned, assuming not only 
that evolutionists want to explain but that they want to offer what 
are in some sense good explanations, then, as several commentators 
have pointed out, a model like Gallie's is altogether too weak. (See, 
for example, Montefiore, 1956.) The model allows as adequate 
explanations, ‘explanations’ which no good scientist would in any 
sense feel satisfactory. Consider, for example, the following candidate 
as an explanation: ‘The explanation of the long necks of giraffes 1$ 
that some 150 million years ago a group of small, warm-blooded, 
milk-giving animals (i.c. mammals) appeared, which, compared to 
their rivals (e.g. reptiles), had certain advantages (e.g. because they 
Were warm-blooded they were not immobilised by cold), This 
supposed explanation satisfies all the demands that Gallie's model 
makes of an explanation-candidate. The explicandum is obviously “4 
temporal whole whose Structure either contains certain persistent 
factors or else shows a certain definite direction of change or develop- 
ment'—indeed, it is the same explicandum that Gallie gives in his 


example. The explicans, animals with warm blood and with their 
consequent advantages, i 


necessary condition of t 
longer necks than their rivals (with their con 
—also, there is surely a i 

today’s long-necked gir. 
the existence of the earl 
of explanatory light on 
noses or human brains fi 
my demand for ‘good’ 


It would seem, therefore, that before it can be counted as an 
adequate model of evolutionary explanation, Gallie’s characteristic- 
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[n aoe explanation model must be strengthened in some way 
iSo debo a ow, I do not at this point want to get bogged-down in 
e ea a theoretical discussion; but it would seem initially that 
broader” pi of Gallie’s model demands that in some sense one 
Somehow d he necessary conditions called for in the explicans. 
eben on existence of the early mammals, even given all of their 
cha feet eatures, seems too far removed from the giraffe's necks 
change peo are so far distant in time and evolutionary 
thins: atte necessary though they may have been, we feel that 
really to th gether too much of a (logical) gap for the mammals 
an analo row explanatory light on the giraffe’s neck. Consider 
a stu ger ae case. There is a rule that at the University of Guelph 
before eem take (and pass) thirty courses (of a particular kind) 
planation pata for a B.A. Suppose that we ask for an ex- 
told that hs why a certain student deserves a degree, and we are 
an Sat caus got a very high mark in introductory philosophy. As 
much Pa ew of why that student deserves a degree, there is too 
introducto ogical gap if all we are told is that he passed one course, 
he ME philosophy, even though he did so with flying colours. 
antece, deni of introductory philosophy may indeed be a necessary 
introduct condition of getting the B.A.; but, on its own, passing 
why the ex philosophy is not enough to get the degree, or to explain 
he degre udent deserves the degree. Before we feel the meriting of 
conditio € is explained, we must broaden the scope of the necessary 
road ns specified in the explicans. But what In fact will this 
he case of the explanation of a 

ut other necessary 
ourses he has taken and 


- He has achieved a sufficient con 
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Otherwise is to suggest there are other necessa 
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Similarly, if we had all of the necessary conditions of the giraffe’s 
necks, we would have a sufficient condition of the necks. 

The long and the short of this discussion seems to be that if 
characteristically genetic explanations are to be counted as good 
explanations, they must go at least some way towards being 
sufficiency-explanations, and that there is a minimum below which 
they cannot drop. (A ‘sufficiency-explanation’ is one whose explicans 
gives a sufficient condition for the explicandum.) Now, it might be 
claimed that this does not prove that for an adequate explanation 
one must go all the way to a sufficiency-explanation, nor even does 
it prove what a minimum allowable necessity-explanation might be 
(nor, how one might measure such a minimum—most cases are far 
more complex than where one has thirty, equally necessary, academic 
courses). Similarly, it does not prove that one's explicans must 
contain laws (although, I shall be taking up this question later in the 
chapter). However, I would suggest that it does seem that a (good) 
characteristically genetic explanation is starting to look more like a 
covering-law explanation, for if one demands a deductive link 
between explicans and explicandum, then one is demanding that the 
explicans state a sufficient condition for the explicandum. Even if one 
allows that an adequate covering-law explanation might specify only 
a strong inductive link between explicans and explicandum, then one 
is saying that the explicans must include reference to necessary 
conditions which, in some sense, conjointly approach a sufficient 
condition. Thus, whilst there might still be room for disagreement 
between supporters of the two models, characteristically genetic and 
covering-law, at least they are starting to talk in the same kind of 
language. With respect to the links required between explicans and 
explicandum they no longer seem so far apart as Gallie's discussion 
suggests. For both models, the sufficient conditions of the explicanda 
do at least seem relevant, and, to be honest, I would think that if the 
supporter of the characteristically genetic model still feels that the 
links between explicans and explicandum need not be those specified 
by the covering-law model, the onus is now upon him to show just 
what these links might be. In particular, he must show why, despite 
the fact that one must go a certain distance in the direction of à 
sufficient condition, even though it is (logically) possible to go farther; 
one reaches a point when it is just not necessary to go on. If he does 
not show this, and Gallie certainly does not, then in this respect the 
covering-law model seems an appropriate ideal. I shall pursue this 
problem no more here; but, as promised, at the end of the chapter I 
shall give a number of reasons why I think it intuitively implausible, 
at least in the case of evolutionary explanations, to suppose that 
cogent arguments could exist proving that the filling-out of a sufficient 
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(expli iti 
M fim v ie inae could at some point become scientifically 
supplied E importance at this stage is the fact that Gallie has not 
Belpre gota a proof, and one is needed if his case is to hold. 
acüedutice = “iy two points of clarification are needed. First, for 
specifying ure , one needs premises and rules of inference. In 
thenfeiibes I cient conditions, one specifies only what would be in 
beedpso of m D RD conditions are ‘sufficient’ precisely 
Beenie arid e Fs es which have been given or are assumed. Thus, 
being suficie "t y because of the rule about 30 (specified) courses 
University ia ,30 courses are sufficient. Normally one does not have 
ON mars I laying down rules of inference and one has to rely 
fli antes cs eral rules, like modus ponens (i.e. the rule of affirming 
now on T exi I shall say no more about this point here; but from 
Supplied ie assume that, unless special rules of inference are 
statements eins conditions are such that they, or more precisely, 
arguments wi out them, can form the premises of deductively valid 
standard lo hich use no rules of inference other than those found in 
conditions pr texts. This does mean that I can treat laws as 
merely in rea or sufficient; although I would point out that 
ough later lowing that a law can be a necessary condition, even 
conditions s the chapter I shall be arguing that laws are necessary 
that the ¢ bes good scientific explanations, I do not thereby imply 
eaders "tL icans of a good scientific argument must include a law. 
assured th o object to talk of laws as ‘necessary conditions’ may rest 
terminolo at no essential part of my analysis 1S dependent upon this 
only to gy. Later I shall show that my case still carries if one refers 
Particular things or phenomena by the term ‘condition’. 
ion of the link 
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conditions lurking somewhere in the background, for it is clear that 
one must do something to get the science requirement out of the way). 
Obviously the cause of this situation, something my analysis has 
ignored, is the fact that sometimes we get a set of conditions (called 
‘contributory’ conditions by Goudge), no one of which is on its own 
necessary, but one of which (i.e. any one of which) must be included 
in a sufficient condition. The necessary condition is in fact the 
disjunct of the particular set of contributory conditions. (One can, 
of course, have more than one set of contributory conditions.) Thus, 
in order to satisfy the science requirement it is necessary that one 
complete successfully either philosophy of science or geomorphology 
(or one of a number of other specified courses). Strictly speaking, 
therefore, a sufficient condition contains all of the necessary condi- 
tions or, where some of the necessary conditions are disjuncts of sets 
of contributory conditions, at least one contributory condition from 
each set. As I have said, this more accurate analysis of the relation- 
Ship between necessary and sufficient conditions makes no real 
difference to my discussion of Gallie. The important thing about 
Gallie's model of explanation is that it does not require one to specify 
a sufficient (or near sufficient) condition—just some necessary 
conditions. My reply is that such a model is too weak. Neither 
Gallie's model nor my reply is much altered if one recognizes that 
Some necessary conditions are disjuncts of contributory conditions. 
Taking note of these, Gallie's model now requires the specification 
of some necessary conditions and/or some contributory conditions 
(from different sets) but does not require that one have a sufficient 
(or near sufficient) condition, My reply is that one must approach a 
sufficient condition through the specification of necessary conditions 
(i.e. those which are not disjuncts of contributory conditions) and 
(where relevant) the specification of at least one member of each set 
of contributory conditions. (As Gibson, 1960, 187n, points out, one 
can certainly extend Gallie’s model legitimately in this way, for 1n 
fact Gallie does sometimes give examples of conditions which woul 
usually be regarded as contributory conditions rather than as 
necessary conditions.) 
However, before leaving this point, there is one final thing which 
must be said. I admitted at the beginning of this chapter that I am 
concerning myself solely with the question of whether explanations 
in the biological sciences must at least have the covering-law mode 
as an ideal in some sense, and I conceded that although this require- 
ment may be a necessary condition of good scientific explanation, it 
is not a sufficient condition. Beckner (1967) has pointed out that in 
the quest for a model of scientific explanation which is sufficient 45 
well as necessary, one must take note of which contributory 
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conditions are being offered in a sufficiency-explanation. Not every 
contributory condition will do if in fact other contributory conditions 
(of the same set) have also been satisfied. For example, sufficient 
conditions for the avoidance of a small-pox epidemic (certain 
Pertinent laws being assumed) are either the absence of the small-pox 
Virus in the first place or an effective immunization programme. But 
we would probably not consider it much of an explanation of the 
nee of the epidemic if we were told merely about an immuniza- 
ion programme, if later we learned that there was no virus in the 
first place. I am sure that one can find a model of explanation such 
that difficulties of this nature can be avoided. But it is clear that the 
Search for a fully adequate model of scientific explanation is much 
More complex than might appear at first sight. i 
Briefly, now, let us turn to look at the actual example which Gallie 
offers, I must confess that I have trouble seeing this example as 
gering strong support for the characteristically genetic model. 
i from anything else, the explicans contains something which 
tikes me as being remarkably lawlike. (I have admitted that 
Understanding ‘sufficient condition’ in the way I specified in the last 
Paragraphs, it does follow that necessary conditions could be laws 
35 well as particular matters of fact. However, I do not think that 
allie intends any of his necessary conditions to be laws.) Consider 
xs ement that ‘unless this ancestry of giraffes had cupere e 
su àin specified ways to the general requirement of competition Or 
"vival, the species giraffe would not exist today’ (Gallie, 1955, 157). 
aes unless one goes all the way with Smart and denies that 
ism: Ogy has any laws at all, I fail to see how the demand that organ- 
S conform to ‘general requirements’ can be other than something 
m Sed on an assumption of nomic necessity. No one ever saw the an- 
stral giraffes: but still we feel able to say that certain things must 


ave held for them, and this, after all, is what laws are 5 Cd 
; OWever, itte i rant this point, an ink in 
admittedly, even if we g pede ur 


fair, 
;. ‘hess Gallie i t so mu 
w nt it—he seems no n 
eue ip to put them in 


Importa h 
», ance of la that one would bother iem. 
the S expli m ing them up one’s sleeve to justify 
nh ions)—Gallie is still certainly 
from being something 
Which 
With Gallie "o e 
hi allie’s analysis. Missing J c 
ee] Points out, is any mention of the genetics of giraffes, and, of 
ongen. without such mention one cannot Bp 
"nBer-necked successful ancestors, to the pre ; 
Wel Apart from anything else, long-neckedness might be 
nething like sun-tan, which does not build-up over the generations. 
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But, if we accept Gallie’s analysis, then the evolutionist’s thinking on 
the question of giraffe-necks seems very odd. He (the evolutionist) 
knows something about genetics (specifically about giraffe-genetics), 


utilize this genetical knowledge. (To deny this fact is to reveal that 
one has never looked at anything where evolutionists write for 
themselves—like the journal Evolution. Indeed, to deny this fact is 
to reveal that one does not know of Darwin’s revisions in later 
editions of his Origin as he tried desperately to plug gaping holes 
which his ignorance 1 
and it is also to deny the rationality of twentieth-century evolution- 
ists’ obsession with Mendelian genetics.) The evolutionist certainly 
could not fill out all of our gaps about the evolution of giraffes; but 
he certainly could (and would) show how genes for long-neckness 
would be transmitte 
could be passed through the whole population. However, if what 
Gallie writes were Correct, we would then have two, quite separate, 


explanation (the 
Gallie, however, has to ar 


commonly provide the premises—the 
premises—of further explanations of pr 
1955, 156). Nevertheless, the major the 


e > if the evolutionist appeals to genetics to help in 
his explanation of giraffe-necks, he is wasting his time. He already 


has an explanation which is in its ‘own way perfectly satisfactory 


The theory of evolution. Il: Explanation 79 


(Gallie, 1955, 152). For myself, I cannot see this way as being other 
than as a first stage on the road to an explanation which appeals to 
genetics. Otherwise, there seems no continuity in what the evolution- 
ist does—indeed, much of what he does seems unnecessary. (In fact, 
Gallie seems even to deny that the evolutionist can appeal to genetics, 
let alone that he would.) 

I shall say no more directly about Gallie's model of explanation. 
Rather, I shall now turn to two somewhat different candidates for 
models of evolutionary explanation. Both of these models have been 
Offered by Goudge, who, like Gallie, wants to replace the covering- 
law model as a guide to evolutionary explanations. In particular, 
Goudge offers models where there are appeals to sufficient conditions 
(like the covering-law model but unlike Gallie), but where there are 
no appeals to laws (unlike the covering-law model and like Gallie 
in that no laws appear in the explicans, but unlike Gallie in that no 
appeal to laws seems in any way possible). Let us take Goudge’s 
two models in turn. 


5.2 Integrating explanations 

Goudge argues that at one level in evolutionar, 
explanations of a wide range of phenomena, all of which are 
Integrated by the fact that they share the same explanans. This 
explanans is a general historical statement about the broad outlines 
of life on this earth, such as ‘Living organisms are all related to each 
Other and have arisen from a unified and simple ancestry by a long 
Sequence of divergence, differentiation and complication from that 
Ancestry’ (Goudge, 1961, 65). Goudge argues that a statement like 
this gives us a sufficient condition of the explanandum of an 
integrating explanation; but that there is no appeal to laws (in any 


Way) in such explanations. 4 
One of the mae of an integrating explanation offered by 
Oudge is of the presence of vestigal organs (like, for example, man's 
Appendix), Goudge claims that such organs are explained by an 
appeal to a statement about the history of life on earth, such as that 
Just given. His reconstruction of the explanation Is as follows: 


adp Organs and structures observed in present-day animals Fe an 
or Ptive function in relation to their way of life. By virtue of t > uni 
Tmitarian principle, we infer that most organs and structures of pas 


oe were likewise adaptive. Yet among cred imak 
Dis) vesti the presence of these vi 
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© accou ij inheri ins of 
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ich once had À pce 
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ee We have plenty of pce that such ancestral organisms existed; and 
I5 reasonable to suppose that their adaptive needs, being different from 


Ose of their descendants, would require fully developed organs and 


y theory we find 


80 The Philosophy of Biology 


structures of the sort now represented by vestiges. The presence of these 
vestiges is to be expected, given the general character of the history of life. 
Hence they are satisfactorily explained in terms of that history, together 
with certain assumptions which are plausible. (Goudge, 1961, 67) 


I shall not at this point attempt a general analysis of Goudge’s 
model. The main reason for this is that I am not quite sure how 
seriously Goudge would want us to take the model, for as we shall 
see immediately, Goudge’s example differs drastically from the guide 
laid down by the model. In any case, most of the points I would want 
to make will occur and be discussed when I come to consider 
Goudge’s other model. Here, I shall merely raise three points about 
Goudge’s example, suggesting that if the example is typical, then the 
model leaves something to be desired (and that which is to be desired 
points in the direction of the covering-law model). 

The first thing to be noted about Goudge’s supposed example of 
an integrating explanation is that in the explanans we certainly have 
a great deal more than a general statement about the history of life. 
In particular, these ‘certain assumptions which are plausible’ read 
some highly theory-laden interpretations into the history, for to talk 
(today) of characters being ‘adaptive’ is to carry one right to the 
heart of evolutionary theory. I am not, of course, denying that one 
can legitimately make reference to evolutionary theory in this way; 
but, to do so takes one from a mere description of the history of 
life. Moreover, if we do refer to evolutionary theory, then we refer 
to a body of knowledge made up of laws. Hence, the explanans 
Goudge offers refers implicitly to knowledge of laws. 

Secondly, the explanans does not give us a sufficient condition of 
the explanandum. Because character C was adaptive in the past, it 
does not follow that if present conditions are such that C would no 
longer be adaptive, I must now have character c, a vestige of C. 
For many reasons, all traces of C might have been eliminated 
entirely. Hence, here again, Goudge's example does not fit his model. 

Thirdly, as soon as we try to fill in the gaps left in the explanans 


genuine sufficient condition), we find that we must refer to genetics 
and to its laws. For instance, we might want to show how some 
vestiges are pleiotropically linked to other, still-adaptive characters; 
and that hence, overall, the genes for the vestiges enjoy a selective 
advantage. But, if we do something like this, then the explanation 
of vestiges starts to look like Support for the covering-law model and 
for my conception of evolutionary theory, rather than like support 
for Goudge’s integrating explanation model. 

Now, there are a number of replies that Goudge might want to 
make to my criticisms. In particular, he might want to weaken the 
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drying pools and devour stranded fish. Insects were already present and 
would afford the beginnings of a diet for a land form. Later, plants were 
taken up as a source of food supply. . . . Finally, through these various 
developments, a land fauna would have been established.’ (Goudge, 1971, 
71, quoting Romer, 1941, 47-8) 


Goudge suggests that this argument by Romer is typical of a kind 
of reasoning to be found within evolutionary theory. The important 
thing to notice is that no attempt has been made to deduce the thing 
which is being explained, the evolution of vertebrates living on dry 
land, from a law or number of laws. Rather, the event being 
explained has been fitted into context by showing how a number of 
events lead up to it. It has ceased to be isolated and thus falls into 
place. Goudge adds that we can consider the reasoning as something 
Which tries to give us a sufficient condition of the thing being 
explained. Now, Goudge points out that if Cis a sufficient condition 
for an event E, then C must contain all the necessary conditions for 
E, n, na Ny... and at least one of the contingent contributory 
conditions, c4, Cs, C3, . . . (As Ihave said, by ‘contributory’ conditions 
Goudge means a set of conditions which disjointly make a necessary 
condition—he fails to notice that one might have different sets of 
contributory conditions disjoining to make different necessary 
conditions. I shall continue to talk, as I have done, only of necessary 
conditions, including in these contributory conditions.) Thus Goudge 
claims that in a narrative explanation we get necessary conditions 
(e.g. that the amphibians must have found food on dry land) and 
contingent contributory conditions (e.g. that the amphibians walked 
overland). However, adds Goudge, we rarely if ever get all the 
necessary conditions. Only those which are most important or least 
expected are given—there are bound to be some conditions which are 
Just not known. Hence, to a great extent, narrative explanations will 
necessarily be conjectural—such explanations will often just be 
Possible explanations and will make great use of such terms aS 
‘could’, ‘would’ and ‘might’. 

Because of this (as well as because of the absence of laws) Goudge 


argues that narrative explanations will never fit the covering-law 
model. He writes: 
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required in order 


ot function as a 


sat 
t gical prine; - : 
O argue «^ /"ICiple “If s then E’, for its acceptance is 
t deducible 


p orem 5". But the logical principle does n 
mit (so EEDeDts the affirmation, 
n oth Oudge, 1961, 77) 
gues Tab ap plausible though 
9 hi "i does not in fact consti 
et us ees 
Cafortunately ine critically this second mode 
ke Be's ex Y, as in the case of integrat 
I S mode] amp differs so much from the g 
gy Ball sers it difficult to try to criticize 
ve Posedy c D" turn back to Goudge’s example of an event 
ps Tates alling for a narrative explanation, the evolution of land- 
tte unde and I shall see whether Romer’s explanation seems 
erstood in terms of the narrative or covering-law model, 


miss in x 
*E because s’, is nO 
t this objection may seem, Goudge 
tute a damning counter-example 
| that Goudge offers us. 
ing explanation, since 
uide-lines laid down by 
the model in abstract. 
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remembering that Goudge gives two reasons for preferring the 
narrative explanation model. The first reason being that explanations 
such as Romer’s supposedly appeal to no laws, and the second being 
that evolutionists rely too heavily on terms like ‘could’ and ‘would 
for their explanations to fit the covering-law model. 4 
Now, it should be noted immediately that, taken completely in 
isolation, Romer’s account of the evolution of the land-vertebrates 
falls short of being an adequate explanation, considered either from 
the covering-law point of view or from the narrative viewpoint. It 
is easy to sce that this is the case as soon as we remember that both 
models demand sufficient (or nearly sufficient) conditions. Nothing 
like a sufficient condition for the evolution of land-vertebrates i$ 
offered by Romer. The conditions that Romer gives are that there 
was a drought and that (initially) the amphibians had to have water. 
If these jointly constituted a Sufficient condition (for the evolution 
of land-vertebrates or even the beginning of such an evolution), then 
it would have been impossible for anything to have happened other 
than that the amphibians began to develop land limbs, because this 
is precisely what is meant by calling such conditions ‘sufficient’. AS 
we have seen, to say that 4 is a sufficient condition for B is to say 
that given 4, B must follow. However, not only was the development 
of limbs not the only response which might have been made to 
droughts by organisms like the amphibians (i.e. organisms which 
needed water), it was not the only response which such organisms 
in fact made to droughts. Another group of organisms, lung-fish, 
when faced with a situation similar to the amphibians, developed the 
ability to remain during droughts in a dehydrated state of suspende 
animation baked in the mud at the bottom of dried-up pools. When 
the rains came, they were reactivated and continued their norma 
(fishy) existence, Furthermore, they have been doing this for millions 
of years now. Why did not the amphibians evolve in a similar manner» 
rather than going the way that they actually did? Until this question 
is answered we will not have a sufficient condition for the actual 
evolutionary event which 
respect to either of the two models, we will not have a totally 


adequate explanation. That this point is well taken is, I think, 
indicated by the fact that 


existence of a group of fishes functionally able to move on land an! 
genetically capable of improving this adaptation’ (Goudge, 1961, 73) 
Let us look in a little more detail at some of the questions which 
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Romers < E 
despite the por cine invokes—questions which suggest that 
fhe vertebrates i which Romer gives, the evolutionary path of 
Was. Consider tl ight have been other than that which it actually 
able vhysipell E. following three. Why should the amphibians be 
important a develop limbs at all? Why, at first, was it so 
though there w sh ni to stay in water? Why, later, even 
more tied to i food on land, did the amphibians not remain far 
questions are heir pools than they did? Unless some of these 
sufficient bed. oe then one cannot claim to have given a 
and here we e for the evolution of land-vertebrates. However. 
see how any 5 » crucial objection to narrative explanation, I fail to 
Some referen, the questions posed can be answered without making 
should be m to laws. Consider the first question, why amphibians 
must necess e to develop at all. To answer this, even briefly, one 
arily sketch some of the principles of genetics (particu- 


arly po á 
ul ; 3 
pulation genetics). One must explain the nature of mutations, 
how these 


OW the 
can be - i et the physical characteristics of organisms, 
Characteristic. on from one generation to the next, and how such new 
answer is no : can spread throughout à group. Now, obviously one's 
amphibians — going to be based upon one’s experience of evolving 
as of such rather one is going to appeal to the knowledge that one 
One is goin matters as they apply in contemporary organisms, and 
Similar hel a D suggest that it is reasonable to accept that something 
€ reason ed the amphibians. For example, one will suppose that 

ad nothin y amphibians had the capacity to develop land-limbs 
Jüstificatio £ at all to do with the needs of the amphibians—one's 
Tandom n for this supposition being that mutations today occur 
UPPositio Eye without respect for the needs of their possessors). 
eneralizatio of this nature are clearly lawlike, since they are 
at is, the. ns which one believes hold even in unexamined instances. 

y are generalizations which are held to be empirically or 


Nomi 

call 

la y necessary. Hence, it would seem that one must appeal to 
hibians were able to 


to a 
nswer the question of why the amp 


dey, 

lop Ii 

a suficient cn and until this question is answered, we do not have 

À condition for the evolution of Jand-vertebrates. Actually, 
1 to laws. First, we 


Lease f i 
Mus te e this, we seem to have à dual appea 
Benetica aws to infer that the organisms involved would have 
Although Systems of a type shared by contemporary organisms. 
9f this nis laws would be needed here, I do not think that by virtue 
would the they would go into one’s explanation. But secondly, one 
Pecificati n need to appeal to laws in one’s explanation, because 
te Cient On of the genetic systems alone would not constitute a 
condition—in the sense of ‘sufficient’ understood here—for 


€ ey 
oluti : 
tionary change of the organisms. Given the systems alone, 
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ot have a sufficient condition (even an 


Narrative ex 
explanation model. One can Say that what 
Covering-law sketch—the laws are there, albeit 


Over the covering-law 
Romer gives us is à 
hidden, and to assume 
in to assuming that, confronted 

theory-laden descript 


onversely to ch 
theory and to extend its field by means Of the fossi] 
1953, ix). Nor is it Without rele 


Tecord’ (Simpson, 
Vance that R. 


©mer’s discussion comes 
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in a book designed for the general (i.e. non-biological) public.* 
There is one objection that Goudge might want to make at this 
point. Although he himself makes little effort to unpack the notion 
of a ‘sufficient condition’, he might nevertheless complain that 
Common usage implies that a sufficient condition, in the absence of 
any special rule of inference, is something which together with laws 
can serve as the premises of a deductive argument, rather than, as I 
am using the term, as something which on its own can serve as the 
Premise of a deductive argument (the difference being that I include 
the laws as part of the condition). Thus, Goudge might argue, the 
Specification of a sufficient condition as such does not require an 
appeal to laws. Hence, in a case like the evolution of land-vertebrates, 
What we need is the specification of the genetics of the organisms 
‘volved and we need not add extra premises containing laws of 
&enetics, However, I do not think that this move helps Goudge very 
o since there is an obvious reply. If one adopts Goudge's i 
the term, then one must still appeal to laws in order to know tha 
cne has in fact got a sufficient condition (just as I think Gallie admits 


t m Š 
hat one needs laws to know one has a necessary condition). Presum 


Y one's ex i ists of the specification of a particular 
: planation now consists 0 p t to have laws 


hdition as explanans, and, if one is determined not tc 
condi explanans, one must use a rule to the effect that t ede 
Cert ition of a type mentioned in the explanans nn y T 
Or an laws, other conditions will obtain—these other veis 
ins IB the explanandum. Without using such a rule (i.e. by 


Msteaq i n to suppose 
aru , there is no reaso 
that th le such as modus ponens) he explanandum, let 


e ex, is i elevant to t 3 
alone pass is im iny way i irtue of his talk of sufficient 
Conditi 


eductively relevant, which, by V! : 
e Ons, I assume Goudge thinks an explanans honid e^ n. 
u Ust be confessed that he is not always consisten bo R 
the OW» whilst admittedly we do not have any ii op to 
qui remises, we do have explanation-arguments ps we pend 
Esse, Valent to covering-law arguments, inasmuch as her a an 
(B ntial references to laws. Hence, Goudge I$ back w à pner m 
lant S€ Alexander, 1958, for a discussion of WY 8 PU things 
Justin aS premises rather than as rules of inference 
Ying such rules.) dmits that 
er tng ics portaps worth noting dhat Cee ht The tee 
of back Me justice in what I am arguing, for he s P rplanation undoubte diy 
i i i izations, 
ete, g à vast array of prior information, assumptions, jideo n som ^ Rum 
phat Trays 1961, 76). However, he then goes on to rp DOM Henan 
a s a A 
the even aE ae a 76). 1t my points are s — then 
wei maa ee: oti A 
involved are far from trivial, and we WOU 


co 
in 


88 


a sufficient condition of 
this he argues that rarely, 
necessary and contributory conditions o 
biologists end up wi 


terms as ‘could’, ‘would? and ‘might’, and that ‘the deductive model 
is, therefore, th i 


© Wrong one to have in mind at this point’ (Goudge, 
1961, 74-5), 

Even if we interpret Gou 
difficult to see how thi 
explanation any les 
perhaps three Ways in whi 


omena unexplained—but 
€ (and, more importantly, 
‘ative explanation, just as 


: e no more (| vague 
proposal. However again, althou Ban ay vog 
I cannot see that Goudge's argument Supports his position, If we do 
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E nw Which are the true conditions, then I fail to see how we can 
e E nns a narrative explanation either. Surely he would not 
ipe o : aim that for narrative explanation (as opposed to covering- 
Wisteria] nation) the truth or falsity of the premises is quite im- 
Th e If so, I hope no biologist ever hears him say it. 

en third thing that Goudge might mean is something rather more 
one E He might be saying that occasionally (indeed perhaps often) 
con diti provide only a few of the required necessary and contributory 
might iss and that these fall far short of a sufficient condition. He 
alcove e saying further that although this could never be considered 
ion So type explanation, in such situations narrative explana- 
expla an loosen its requirements and provide a perfectly adequate 
Seca form, even though a sufficient condition is not even 
ae Although this interpretation does conflict with what 
Sufficie, has said earlier about narrative explanations appealing to 
Stron (s conditions, it would perhaps give him a way of drawing a 
at B ine between the two models. Unfortunately, I would suggest 
€Xplan es if Goudge were to preserve the autonomy of narrative 
ecau ation in this way, it is only done so at a Very heavy price, 
Se then we are right back to a model of explanation like Gallie's, 

that a have seen, such a model is too weak. Hence, it would seem 
fails ie: interpretation of Goudge, like the other two Hippie. 
anon rnt favourably in the direction of his n mo d 
the Sami on, The covering-law model seems just as a a ies 

* applies if Goudge tries to defend his integrating-explana io 


mo, 
m by a similar move). 

the p. COnclude this look at narrative explanation, let us look now at 
ang p POthetical objection that Goudge advances against his position 
lom 35 reply to it. (This reply would also be Goudge's counter-move 
One p ""Bgestion that even if one takes laws out of one's premises, 
to ona, appeal to laws in one’s rules of inference.) The ey 
Sut; 8*5 position supposes that if one supplies a (Gou Ad v 
Claim; t condition s for an event Æ, then one i$ thereby justified 1 

Ng to have the law, ‘Whenever s, then E’. Moreover, it 1s 


Claj A 
of ped, this law can function as a premise in a deductive explana non 
ang; GOudge's reply is that s and E are unique and unrepeatab 
SXplan nce cannot form parts of a law. “Whenever a narrativ 
insta ation of an event in evolution is called for, the event is not an 


Nee o ` : ing which has 
happe f 3 kind, but is a singular occurrence, ese a 


"teri Just once and ich cannot recur. $ 
b tor any eder KE i or law.’ As I pointed oui ar 
(Q Which lies behind many challenges t0 the °°) Thus, 
at is, challenges based on evolutionary theory): 


ar, 3 
Sument deserves special care. 
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Now, let me concede immediately that if events s and E are in fact 

entirely unique and unrepeatable, then Goudge’s claim that the 
evolutionist is not committed to a lawlike statement is well taken. 
Consider for a moment the law-schema ‘Whenever an instance of A 
occurs, an instance of B will also occur’. As we saw in Chapter 2, 
what this is asserting is that there is some kind of necessity between 
the occurrence of instances of A and the occurrence of instances of 
B. Further, although it may indeed be the case that instances of A 
have occurred very seldom, if indeed they ever occurred at all, it 
does (and must) leave open the possibility that an instance of A 
could occur frequently, not only in the past, but in the present and 
future also. Take for example the law ‘On any celestial body that has 
the same radius as the earth but twice its mass, free fall from rest 
conforms to the formula s = 3212.’ This may never have been satisfied 
and never be satisfied; yet because it is a law, there is no logical bar 
to its being repeatedly satisfied. If for some reason A were absolutely 
one of its kind, then there could be no law of the form ‘Whenever 
we have an instance of 4, we get an instance of B’. But, having said 
this, what I would dispute is Goudge’s claim that evolutionary events 
such as we are considering are one of a kind in the required sense. 
Goudge's claim is that they are ‘unique’; but I suggest that further 
investigation reveals an ambiguity in the term ‘unique’ and that 
when this ambiguity is exposed, Goudge’s position is seen to be based 
on sand. In other words, the statement “Whenever s, E" is a law (0; 
as I would prefer to put it, the statement “Whenever we have an 
instance of s, we have an instance of E' is a law). 

Consider for a moment some senses of the term ‘unique’ and let 
us see how these relate to the problem of whether or not an event 
like the evolution of land-vertebrates is unique in such a way that its 
conditions cannot be put into a law. (My discussion at this point i5 
heavily indebted to the analysis of ‘unique’ in Gruner, 1969.) One 
thing one might mean if one says that an event or phenomenon £ is 
‘unique’ is that it shares its spatio-temporal coordinates with nothing 
else. The (Goudge-like) sufficient condition for the evolution of Jand- 
vertebrates is certainly unique in this sense; however, this kind © 
uniqueness is no bar to the application of law, because everything 
else 1s unique in this sense. Any simple pendulum has its own unique 
spatio-temporal coordinates; but this uniqueness does not stop US 
from asserting the law ‘Whenever one has a simple pendulum, the 
period is proportional to the square root of the length.’ Every làW 
abstracts to the extent that it ignores, as it must, spatio-tempora 
coordinates. Consequently, although instances of type s and E have 
their own unique coordinates, this in itself is no barrier to their being 
part of a law. Another thing one might mean by ‘unique’ is that 4 
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thi i ; 
oo “ai gat all in common with anything else. Here obviously 
bu to nar embody it within a law. However, the conditions 
E, elut evolution of land-vertebrates are not unique in this 
E nes ave been many droughts, and as I pointed out, there 
ath dim - other organisms which had to evolve to survive 
"unique" s hts. We must therefore turn to yet another sense of 
Con dition nd we are to elucidate the special sense in which the 
it is fairl Ec the evolution of land-vertebrates are unique. I think 
since) ed ear that the sense intended here is that never before (or 
droughts S had such a particular combination of conditions—the 
and so on z WU Reg the genetic potential, the food on land, 
event te this sense, it must be agreed that the conditions and the 
answering tt we are considering are unique. The question which needs 
| applicati : Eee: is whether this kind of uniqueness 1s à bar to the 
seem th n of law. I cannot see that it 15. Logically speaking, it would 
at the only things which cannot be repeated about such a 


Combination i $ À 
| we ee hay is the particular conjunction of space and time; but as 
just seen, this type of uniqueness is not troublesome. All the 
e conjunction many times, 


oth a 
Mis, aion could recur in the sam tim 
elsewhere . this planet, or perhaps (with. some good possibility) 
9f fact bi in the universe. That such conditions have not as a matter 
eing in sin combined more than once does not stop them from 
ably ney 2 aw, any more than that as à matter of fact we have prob- 
Wit T had a combination of molecules making & celestial body 
Proper] Same radius as the earth but twice its mass stop us from 
Test cone calling the statement that ‘on such a body free fall from 
require orms to s—32/?' a law. To argue otherwise would seem to 
Ogical] some sort of ontological argument 1n reverse (proving the 
ary evea necessary non-existence of repetitions of major evolution- 
omin nts). Since I doubt that such an argument can ever be forth- 
not dk suggest that there is no reason why the evolutionist should 
instanc the law ‘Whenever we have an instance of s, we have an 
able Pn Instances of s and E are not unique in any objection- 
O T. 

ist mode, I would admit that it is. 
this i actually invoke so sweepin y c 
here 5 S because of the complexity of his material, not because 
Xplar 1S any logical objection. He would want to spell out his 
Raa in detail. Nevertheless, if once he did this, by combining 
ises he could make such an all-embracing law. Further- 
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€, that the evolutionist would appeal to such a law seems to 
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in bie peer pee the following manner 


most unlikely that an evolution- 
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Explanans Instance of s. 


Whenever we have an instance of 5, 
we have an instance of E. 


-. Explanandum ~. Instance of E. 
Goudge's alternative is: 
Explanans Se 


«<. Explanandum `. E. 


Now clearly both of us must be relying on some rule of inference 
to go from the explanans to the explanandum. The rule used in my 
formulation is the obvious one of modus ponens, a rule common to 
anyone who uses formal arguments. Goudge admits that some rule 
is necessary for his formulation and claims that the evolutionist is 
committed to the logical principle ‘if s, then E". In other words, he 
argues that the evolutionist will use the rule that if one gets s, one is 
allowed to claim E. (In clarification of his position Goudge cites 
Ryle's well-known paper * “If”, “So”, and “Because”? where it is 
claimed that *When I learn "if p, then q”, Yam learning that I am 
authorized to argue “p, so q”, provided that I get my premiss up?) 
But, even if Goudge were right in his claim that ‘Whenever s, £’ 


5.4 Concluding thoughts on evolutionary explanations 

Obviously, a more important task than that of showing Gallie and 
Goudge to be wrong is that of giving the right model of evolutionatY 
explanation (together with convincing reasons for why one shou 
accept it). I have argued that I can see no good reasons for rejecting 
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the covering- 
Suis s cipes model, and further, I have tried to show the diffi- 
EE nac d when one dispenses with the model's two major 
i p qmi e aim for sufficient (or near sufficient) conditions 
Showa that a es it might be argued that I have not 
condition in tow is — explanation must contain a sufficient 
must go some explanans; but I do think I have shown that one 
that I cannot way (in some sense) in this direction. I must confess 
way in this di ed see how one could draw back from going a long 
seem to require ion. The only way of avoiding this conclusion would 
conditions ar an argument demonstrating that some necessary 
that inrcr e more important than others (together with the claim 
completed aat necessary conditions can suffice for adequate 
important’ i ewe However, the difficulty is defining 
sufficiency zi this context without an appeal, implicit or explicit, to 
reasons 2 one has done this and I shall shortly be giving three 
reason I su ing why intuitively I doubt that it can be done. For this 
Partly for ome the covering-law model at this point, and it is also 
tionary ubere reason that I argue, as I did in Chapter 4, that evolu- 

bisher n is a hypothetico-deductive sketch. 

Conditions DA my arguments about the rclevance of sufficient 
atticularly th ink I have shown the implicit reference to laws 
Volutionar, hose of population genetics) in all of the examples of 
Offered zl explanations that the covering-law model’s critics have 
soterje e I have shown how, without laws, one must rely on 
© be hon es of inference. However, even putting this point aside, 
est I think that if some philosophers read a few technical 


utio; A 4 
e Sines studies (rather than popularized accounts put out for 
ientific public), they would find that many references to 
inly are in the work 


aws til 
men Teen rather than implicit—they certat 
inally, I impson and Dobzhansky. ; j 
°Volutiona have tried to point out that much of the difficulty with 
nique’ v explanations stems from ambiguities 1n the term 
*volutiona hen the critics of the covering-law model argue that 
Dses in Ty phenomena are unique, they do not realize that the 
Which these phenomena are unique are too weak to bear the 


Onc] à 

Pons they want to draw. 
are ay find these arguments of this chapter, arguments which 
tie up oy not very original to me, quite convincing. Moreover, to 
can se ends left over from the last chapter I would suggest that 
Suppose. now see even more fully how evolutionary theory pre 
$ and is unified by population genetics. The explanation of 
ds in exactly the same relation- 
he explanation of Darwin's 
hat many readers will still feel less than 


© evoluti 

R o ution of the amphibians stan 

Aches, IR? ulation genetics as does t 
Owever, I am sure t 
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overwhelmed by my logic. Possibly, they will feel for instance that, 
although the examples I have considered all involve an appeal to 
laws, logically it is still possible to have evolutionary explanations 
without laws. (Scriven, 1959, for example, denies laws a role in 
evolutionary explanations, although he does allow the place of a 
weak relative of laws.) More importantly and perhaps more gener- 
ally, there may still be the nagging suspicion that, although any 
arbitrary specification of necessary conditions will not do, there 
comes a point when specification of additional necessary conditions 
is not needed (for a good explanation). Hence, before I conclude 
this chapter I would like to give three additional reasons why I find 
it intuitively more acceptable to suppose that the covering-law model, 
rather than any other model, is the correct guide to evolutionary 
explanations. My intuition’s first source is the fact that evolutionists 
do actually offer covering-law explanations on some occasions. AS 
we have seen, for relatively simple phenomena like instances © 
balanced polymorphism, explanations are provided which contain 
Jaws in the explanans, and the inferences from explanans tO 
explananda are even made deductive. If evolutionists never gaVe 
covering-law explanations (or never explicitly appealed to laws in 
what I have called their ‘sketches’), then I think the critics’ case 
would be much Stronger. Secondly, as we saw at the beginning 9 
Chapter 4, central to an understanding of modern evolutionary 
theory is the premise that large-scale evolutionary changes involve 
m Which is not to be found in small-scale changes. Admittedly: 
entree Principles were involved in large-scale changes; this 
heer apa operas mean that a new kind of explanation is require 
Ph vr m er hand, since we are told that exactly the i 
wiisthe lt ing in all cases, large or small, I myself just cannot $° 
(a " Th ind of understanding required in all cases should ever differ 
Meer Pie e pointed out, the understanding offered in small-scale 
finall es seem to be covering-law understanding). Thirdly a” 
no d Intuition about the nature of evolutionary explanation 
ge wn the knowledge that covering-law modellists can supp 
Ty good reasons why, in fact, evolutionists do not always give 
covering-law explanations. So much evidence required for t 
completion of Covering-law explanations is missing, and even if 1 
were available, it would just overwhelm evolutionists by its bU 
If all the needed evidence (and time) were available and evolutionists 
Just turned their backs on it, then my sympathies with the critics ° 
thecovering-lawmodel would bemuch stronger. Asitis, my sympathies 
lie in the other direction, for, apart from anything else, as we saw I? 
Chapter 4, when new evidence is discovered (e.g. the facts of heredity)» 
this seems to have the direct function of increasing actual exempl! 


The theory of evolution. I: Explanation 95 


Catio : 

E Ful iie ti 4 arguments in evolutionary studies. 
argument bud on need to be made. First, I have just given an 
Scale evolutio on the inference from parts to wholes—from small- 
that, R ne e changes to large-scale changes. It might be thought 
large-scale a t rough such arguments are, it is just not true that 
scale chan d pes changes involve nothing occurring in small- 
lasting millio . For instance, one can meaningfully talk of a ‘trend’ 
if one got Sio of years (say, from small size to large size). However, 
trend? but fet en in a couple of generations, this would be no 
on the big scal est) a ‘jump’. Hence, some things necessarily occur 

do not hi but not on the small scale. 
One gets an ink this criticism is very worrying. 
9 os MGR situation; but no change is ne the 
orbit’, alth on. If a planet goes two feet it 1s hardly describing an 
travel is IUE the form of the explanation for any distance of 

oles? pes same. The truth is that things like trends and other 
Complete] ccurring only in large-scale changes can be analysed 
trend is in terms of ‘parts’ occurring in small-scale changes. A 
Over a len dp than the sum of a number of small changes spread 

w explan of time. But, if the parts can be explained by a covering- 
Parts can Fimo then logically it follows that the conjunction of the 

Soe also be so explained—the question is whether they need to 

. Xplained.? 
Second point is that, without wishing 


g. After all, in physics 
eded in the form 


to retract in any Way, 


Woul : 

Wo op mention that in this chapter I have argued the stronger of 

follows ons open to me. I might only have argued a claim that 
ing that evolutionary 


ihan, rom my claim—rather than arguing i 
have dete are in some sense covering-law explanations, I might 
"sentia, med merely that evolutionary explanations do not differ 
“hers b from explanations in the physical sciences. Many philo- 
Ppropri elieve strongly that the covering-law model is not always 
PPtion fena even in the physical sciences. 10 them I offer the weaker 
Would a though I think the stronger is there to be taken), and I 
Nothin Uggest that whatever else we may have seen, We have seen 
Physiog to justify a division between evolutionary explanations and 
Is bx Chemical explanations. à 
et me t e more at this stage on explanation would be pointless. 
t 9luti herefore turn to my final chapter directly concerned with 
fo so nd theory, wherein I shall raise à problem closely linked 
the Ote fone which have already been raise ; y " 
Sum or s am not here saying that every i hole is no more than 
liy, Seules S parts—in particular, I am not saying that when the parts are 
© trends the whole is the sum of the parts. g is that for things 
Parts.” Where the parts are biological, the whole is no more than the sum 0 
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Almost without exception living evolutionists accept the synthetic 
theory of evolution, the theory of evolution discussed in the preceding 
chapters. This does not mean that they accept without a murmur E 
of the claims of the theory—indeed, as I have tried to point cui 
one way no part of the theory is immune from attempted chang" 
Genetics, for example, feels the effects of molecular biologie. 
studies (as will be discussed in Chapter 10) and population geneticii 
themselves are trying to eliminate some of the crudities of t 
earlier efforts—for instance, they work assidiously to get away E 
bean bag’ genetical thinking which treats genes (falsely) as 1” in 
pendent units in the cell, each gene affecting the phenotyP 3 
isolation from all others. (But see Haldane, 1964.) Moreover; som? 
parts of the synthetic theory are still highly controversial —recet 
disputes have centred on such things as the possibility of me 
drift, the importance of the founder principle, the possibility, 
reproductive isolation without (at some point) having geograP the 
isolation and the question of whether selection can ever be for n 
group rather than for the individual, (Williams, 1966, discusses as 
of these disputes. At a more particular level, Bowman, 1961; s) 
challenged several of Lack’s claims about Darwin's sit 
Nevertheless, despite this debate (which is of a kind common E an 
sure to every living science), I think one would be hard put to fin true 
evolutionist who would claim that the essential outlines of the is 
mechanism of evolutionary change are still unknown. Evolution 
to put it simply, the result of natural selection working on ran 
mutations. D 
g tha 


In the face of this unanimity, it is therefore a little surprisin 
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E M ien philosophically on the theory think that its basic 
one co ism to grave question. There does not seem to be any 
that a ws alone behind this questioning of the theory; but I think 
airly T fime! barrier in the way of the theory's acceptance is a 
Itis felt PE cud held view about the nature of theory-confirmatlon. 
evidence in P we are to confirm a theory T, that is, to find supporting 
9n the basi $ favour, what we must do is to make some predicion 
evidence wed T. If the predictions turn out to be true, then Wis is 
evidence a avour of T; if the predictions turn out false, then t 3 is 
Apparent) ve T. However, conjoined with this view 1S the fact tha 
atever » evolutionary theory has a very low predictive pope 
10 one co ied s view of the right model of evolutionary BER. , 
Xample i pretend that we can predict the future evolution of, or 
check elephants. And even if we could, no one would be aroun 
Facio ear the predictions. Hence, neither in principle Je ka 
Cannot et one falsify the theory, and conversely, genuine eviden 
us. ound in favour of the theory. ae 
theory ome. example, as we have seen, Manser argues that à th 
a ers us is a picture of the process of evolution, and he adds 
theory is Ictions are impossible, and that hence, evidence for el 
55, apart & Onexistent. He thinks that the reason why it 15 d e. 
deal With orn. the fact that it is analytic, that it than per ae 
Den Te ia scientific opposition" (Manser, Ws l 
Pla; ice tion has been raised, it (the opposition) 955 
; Udge sibly not on very adequate evidence’ (Manser, » oe 
thinks ¢p although much more sympathetic to the synthetic D =? 
telli at at best evolutionary theory gives one negative predictions 
concen oe What will not turn u dae, 1961, 78). Far from being 
e p (Goudge, I theory, s 
ams o FA lec the lack of opposition to tein 
qud ell ic Dan Cu of its rivals, the $0- see 
rath CPDtrovers a A philosopher surveying ep 
that T than “ne a himself in no po d 
(Go, COnisideratio er. The only reasona on oribus 
(ie dee, 1961 ns so far advanced do n mit Anian theory 
beg, an evoluti 51). Himmelfarb argues that a aon) 
like e ey aid theory based on natural Se " 
rot in Ventional logic. wha nse zoe em possibilities esito 
Big op Sleater c, where the comp?” but in a lesser one, 
adq 9f the on Possibility, or probabilty; ee eee 
o tok eee | possibi sparker (1969), by 
Daciousty Probability (Himmelfarb, 195% 354). Bari between 
ibis vins Cons out what he takes to be com oon P ewhat inc dÈ 
ieu maf the modem HETE offers 2 $u that the theory 
5 ental deduction of the fact, ™ only 
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(whose?) is unfalsifiable, but that it can have no rivals. And cag 
writes that: ‘The evidence in favour of evolution theory has m 
been completely satisfying. Strictly speaking, evolution has yet to 
scientifically proven’ (Carlo, 1967, 120). Nt . 

My aim in this chapter is to show that these critics are quite ven 
I shall begin by discussing the evidence in favour of the central uu 
of the theory—in particular, I shall look at the evidence from t 
study of wild populations of organisms and then at the syiden y 
from captive populations. Next, I shall consider three rival theorie: 
of evolution, and shall evaluate these and the synthetic theory 
through the evolutionary areas of morphology, systematics, eet 
paleontology. Finally, I shall consider briefly why some of the x 
go astray. By the time I have finished I hope I shall have shown E 
evolutionists’ confidence in their theory is fully justified, although. 
shall try not to minimize areas of debate. Indeed, part of my plan! 
to show the magnitudes of the problems encountered in evolution 
experiments—problems which often make it extremely difficult to 
come to a definitive decision about particular matters of evolutionary 
controversy existing within the confines of the synthetic theory- 


6.1 Heritable change in wild populations 


We know now how genetics—mainly population genetics, but mos 
generally Mendelian genetics—is central to the modern theory m 
evolution. Evidence in favour of Mendelian genetics, therefore, o 
evidence in favour of evolutionary theory. The evidence in f: avow 
the central parts of Mendelian genetics (i.e. the parts dealing w^ t 
the individual) is of two kinds, that which I have called pees 
namely the cytological evidence, and the indirect, the evidence H it 
we have of the transmission of phenotypic characters. Now, I admi 
(as before) that some of the laws of genetics, Mendel’s laws u 
particular, have exceptions; but (again as before) I would point "i 
that these exceptions are no more than one finds in the um 
sciences and that, by and large, it would be impossible to thin 
stronger or more widespread evidence in favour of a theory n the 
there is in favour of those parts of Mendelian genetics dealing with tics 
individual. Therefore, since the central area of Mendelian Lame. 
seems relatively unproblematic (from the viewpoint of our Let 
discussion), let us turn to the area where more interesting prob 
arise, namely population genetics, 
> Excellent discussions of the eviden 
Ford, 1964, and Dobzhansky, 197 
illustrate perfectly the 
author has any doubts 


found E 
togethet 
Neither 


ce for evolutionary theory can be 

0, although these books taken 

basic points I want to make in this chap theta, 
about the fundamental claims of the synthetic t! cantly 

natural selection working on random mutations—but they differ sign! 

over the tenability of specific details within the theory. 
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We 
abate E iut seen some evidence in favour of what is held 
study of bloo pe genetics, for something like Race and Sanger’s 
Dose lac gru. obviously provides support for the Hardy- 
emaor gu (although I think that most biologists would feel that 
laws), n Un for the H-W law comes indirectly from Mendel's 
genetics nl there is another type of evidence about population 
heritable "m has not yet been discussed, namely the evidence of 
situation is ae occurring in groups over periods of time, where the 
Th this sect s yet, often too complex for a detailed formal analysis. 
of such nee let us ask what evidence the evolutionist might have 
n the ng x le change occurring in populations of wild organisms. 
on populati ction, let us ask what evidence controlled experiments 
the basis ions in, for example, laboratories and zoos can throw on 
ee 3 mica of heritable change in groups. 
table oe as we start to consider the question of the study of 
at significa ge in wild groups, because evolutionary theory claims 
number of a heritable change tends to be slow and gradual, a 
organisms does become relevant. For instance, unless one has 
way m fairly rapidly, one is not likely to notice much 
three of heritable change—hence, organisms with only two or 
Studie, obably never be profitably 
tailed records are kept, as in 
are under severe 
ting the lack of the right adapta- 
s. Nevertheless, 


heri 


© Syntheti 
tion p Stic theory predicts, primarily a function © 
st famous case, that of 


industrial us look in some detail at the mo 
“a in moths. (Full details can befoundin Ford, 1964.) 
Most e Ted years ago, the Peppered oth, Biston betularia, was 
areas a ntirely speckled. However, as the years passed, in industrial 
ro oo (i.e. black) form of the moth became increasingly 
Wn th until now in some places it is the usual form. Since it is 
Ene, er at this melanic form is due basically to à single dominant 
ki Ore over we clearly have a heritable change occurring in a species. 
a n. O; the cause of this change, long suspected, is nOW definitely 
ten by ne of the biggest dangers the moths face is that of being 
Noth is Predators, namely birds. When trees are clean, the speckled 
Melanie better camouflaged against lichens Or tree-bark than a 
moth. On the other hand, when trees are dirty from soot, 
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3 i rough 
the melanic moth is at an p cria deg e af 
i rial revolution, trees (in citie > tl an 
a ee from the speckled moths to the aslo aA 
there was consequently an evolution from the aa ven ee 
This phenomenon which has occurred in the mo ae ots o 
were to concede that its overall significance is limite »n > aub 
to be quite clear-cut evidence in favour of the ees synthetic 
population genetics, and hence evidence in favour o her Maid 
theory of evolution. However, at least one philosophe de of the 
thinks otherwise for he argues that the account just giv! slightly 
evolution to the melanic form ‘is only a description ed in thé 
theory-laden terms which gives the illusion of an ie men species 
full scientific sense. If no mutant forms had occurred and th Rest 
had become extinct as a result of the change of petet to 
would not have been adaptable. We cannot use the quede 
predict what will happen when a new feature Occurs in the 7 jn the 
ment of a different Species, or even if there is another ore m has 
environment of the original moths. All we can do is, after whethe 
been time for the state of affairs to become stable again, say i 
the species in question was or was not adaptable’ (Manser, 


: n 
25-6). For these reason, Manser seems to think that the erar Fies n 
been moulded to fit the synthetic theory of evolution. It p - 
true test of the theory; 


A no € 
but conversely, can give the theory 
pirical support. 


s niami 

There seem to be two questions raised by Manser’s ciue ie 

the first place, can events which have already passed OV discover? 

evidence for a theory (or can events which were only therefore 
when they were past support a theory)? Must a theory; 


se ig the 
js 1S t 
rely for support purely on predictions about the future? If th 
case, then the moth 


theory, nor is any li 
in itself about this 


, 


Je has 


empirical evidence in fay 
The answers to neithe: 


: < rei 
position. In other words, we do have genuine evidence he 


^ vents “ 
of the theory. Consider the first question. Obviously n t Newton 
be used to confirm a theory. For example, if, with the ai js the 
ian theory, we infer b 


É istence I5 © is 

ackwards to an eclipse whose es orts, wi 
confirmed by historical records of reputable Vtde MET to iA 
is just as good evidence for the theory as an inference r 


[o 
} V itness reP ct 
eclipse whose existence we later confirm through — the "m 
Confirmation (or refutation) of theories does not p relations 
time at which events occur- rather it rests on the 
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between event and theory. Specifically, does a description of the 
former follow in some sense from the latter? (This is not to deny that 
Our faith in the latter is probably increased if the former is un- 
expected.) Hence, for this reason, there is nothing suspect about 
using the change in the moths as evidence for the theory of evolution. 
As far as the second question is concerned, Manser's doubts about 
the worth of the example under discussion seem to stem from his 
mistaken notion that natural selection is fundamentally and in- 
escapably tautological. He seems to think that because the black 
moths increased in number, analytically they are defined as the fitter 
Without further argument. However, despite what Manser thinks, 
Whilst it was indeed the case that because the black moths seemed the 
More successful, evolutionists suspected they were the fitter, the 
lack moths were not circularly defined as the fitter and the matter 
left at that, Evolutionists went out to find the causes behind the 
black moths’ apparent fitness, something quite unnecessary if all that 
I5 at stake were a definition. Kettlewell (1955) ran several tests show- 
ing beyond reasonable doubt, both that a chief source of danger to 
E © moths is being eaten by birds, and that when trees are soot- 
te vored, the black moths’ camouflage gives them a selective advan- 
age. In other words, he proved both the existence of a differential 
Survival (from which one can draw inferences about a differential 
production) and that the sorts of things which increase fitness in 
He er circumstances are the things increasing fitness in this eae 
Wi nce (in particular, camouflaging characteristics). Hence, n 
Ithstanding Manser's claims, it would seem that we have here m 
s Ample Which supports both the facts of evolution In general and m e 
ynthetic theory in particular, because it was shown that there = the 
tio f uniformity which serves as the basis of inductive on = 
m- Which, as I pointed out earlier, lie behind the evolution! 
Pirical claims about selection and adaptation. = 
1S case is not unique. Numerous similar cases are known. For 


E 29 n n 
viele, rabbits have developed a genetic immunity to iae oe 
ist c, devel i ugs (indeed, some viruses can, 

pretense ri E introduced to eliminate 


exist only ; 

t y in the presence of drugs once J^. 

iat > and it iem fairly clear that some evolution has even Gente 
dead n recently (Dobzhansky, 1962). In particular, eui n 
in th Y effects of tuberculosis (intensified by the move to E A ae 
al © past 200 years man seems to have evolved into a a more 
hae to TB (by virtue of the fact that those ont p eno p 
the ess offspring). However, in all of these cases, incitu ing 


i articular, the 
am S, too much should not be claimed. In Eripe * 
of evolutionary change involved is very p eru 
Of the moths this change is not much morethan 


the unt 
e Case 
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of one gene. Hence, were someone to put forward a theory Sere 
as we shall see shortly, someone has in fact put forward) nüvi iai 
the possibility of small change due to selection, but deyin m 
large-scale changes have the same cause, evidence of the type we pe 
just been considering would be unable to decide between sii 
synthetic theory and it. Possibly this kind of situation is sufficie E 
common to be worth noting. In many areas, the evidence in fav d 
of one theory (particularly the synthetic theory) and against each mi 
every one of the other theories is not always overwhelming. Itis ae 
when one considers the overall evidence, and most particularly tic 
central claims of genetics, that one recognizes that the syntien 
theory alone receives positive support from all evolutionary -— 
study. As we shall see, the other theories all get igurtounté 
checks from at least one area (for a start, they all make me 
untenable claims about genetics), and they frequently say nothi 
about other important areas. 


6.2 Heritable change in captive populations of 
In order to discuss the evidence which comes from the pecie 
captive populations, it is necessary first to draw a distinction ber 2 
artificial selection and natural selection. Both kinds of selec is 
involve differential reproduction; but whereas natural dec on 
entirely a function of the characters of organisms and of the Te dn 
of organisms to each other and the environment, artificial selec 
occurs only when one has a rational agent consciously wp an 
influence the chances of one organism reproducing rather edet 
another. It is the kind of selection which occurs when the bre 
tries to improve his Stock or the fancier tries to improve one 
particular species of organism which is his hobby. Obviously, ^^ 
can have natural selection without artificial selection; e tile, 
human plans often fail and prize animals turn out to be in “ta 
artificial selection is probably usually accompanied by some na 
selection. tion: 
Bearing in mind this distinction between the two kinds of e i 
there are, I think, three questions which are pertinent to the pr 


; ; : tion? 
of the evolutionary evidence to be gleaned from captive popula etio 
First, can artificial selection, di 


one purely for practical or xut andi 
reasons, nevertheless Support the claims of population gene jse 


vis 
more generally, of evolutionary theory? Secondly, can one eto 
experiments using artificial Selection which will support sig! aturā 
theory and natural selection? Thirdly, can one achieve ai this 
selection in artificial Surroundings, and if so, what support ket 
give to the synthetic theory? Let us take these questions 1n ractise 
As far as the question of the worth of artificial selection, P. 
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purely for profit or pleasure, is concerned, it cannot be denied that 
it has certainly been thought that such selection has relevance for at 
least one evolutionary theory based on a form of natural selection. 
Charles Darwin devoted the whole of the first chapter of his Origin 
of Species to a discussion of such instances of artificial selection, 
arguing that they strongly supported his theory. For example, about 
One instance of the breeder’s art (pigeons) he wrote: “Altogether at 
least à score of pigeons might be chosen, which if shown to an 
ornithologist, and he were told that they were wild birds, would 
certainly, I think, be ranked by him as well-defined species. Moreover, 
Not believe that any ornithologist would place the A 
En the short-faced tumbler, the runt, the barb, pouter, aa 
t tail in the same genus...' (Darwin, 1959 ed., 97). Yet, simul- 
?neously, Darwin was able to show that in fact all of these different 
i of domestic pigeon are descended from one and only one 
da cies of wild pigeon. Because of this, he argued that since amit 
d n can have so drastic an effect on the characters of a popula- 
enr of organisms, it is reasonable to suppose that natural selection 
whi ave a similar effect. He asked: ‘Can the principle of se ed 
me We have seen is so potent in the hands of man, apply 1n 
T I think we shall see that it can act most effectually (Darwin, 
ed., 163), - 
Seems EA that Darwin was right in citing the diversity of the 
e 95 as evidence for his theory and we would be right in gung 
the Pigeons as evidence for our theory based on natural e 
Question is just how far the value of such evidence extends * 


di i imilari ificial selection 
and ^ T this, let us consider the similarity between artificial 


Pige 


Isms : 1 

Te may be very slight, the cumula x 1 4 
tion duction can be Mes anat Hence, given differential uin pan 
to a, ere is no need to hypothesize the existence of large dm 
is algo int for large overall changes. However, wi sone s 

to ar, type of differential reproduction, it theretore 


insu i ; tion on 
i Sue for this conclusion for natural selec’ 


T i ifici jon shows that all 
kin © selection. In other words, artificial sE lead to large 
Chang. Selection (including natural selection) c 


€s, even though only small variations were involved. 

rige Yertheless, tE mi. the analogy between Hose fugae s 
One .. Selection and natural selection breaks ides n e 
Ver xot argue (from these instances that natural se dee 
Occur, or if it occurs that the kinds of variations to be 
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will be the same as those selected by breeders. Because the breeder 
of Afghan hounds selects for long coats, it does not necessarily 
follow that there will be selection for long coats in wild populations 
of dogs. Consequently, the evidence from these cases of artificial 
selection is very limited. They show that selection can have big 
effects; but they do not show either that natural selection exists OT 
that if it does exist, in what direction such selection points. 

Next, we have the question of whether or not a selection performed 
by man can be used to support evolutionary theory when the 
deliberate intention is to find evidence in favour of evolutionary 
theory. (This would be evidence from artificial selection over an 
above that just discussed when there is no intention of supporting 
evolutionary theory.) It seems fairly clear that such evidence from 
artificial selection can be found, if one can give good reasons for 
Suggesting that one is filling some of the variables left empty in the 
cases mentioned above (ie. cases where artificial selection ÍS 
practised only for gain or personal delight). In particular, evidence 
would seem to be forthcoming if one can suggest that one’s artificial 
selection bears analogies (in addition to differential reproduction) to 
possible cases of natural selection. If this is so, then one might be 
able to learn the directions which natural selection could take, the 
rates of its effects, and some of the overall consequences. 1 

A good example of where evolutionists have used artificial selection 
to try to simulate natural selection in this way has occurre in 
experiments attempting to solve a problem already mentioned which 
has long provoked and divided evolutionists (a problem, that /5: 
Which has divided holders of the synthetic theory—not one which 
poses a challenge to the foundations of the theory itself). So™ 
evolutionists, particularly Mayr (1963), argue strongly that speciation 
in higher animals (the dividing of such animals into groups W. Er 
are reproductively isolated from each other) cannot occur Witho! 
geographical isolation. They argue that unless groups are geograp 
ically separated for some time, the groups cannot build up ° 
genetic foundations of reproductive isolation. Other evolutionist? 
for example Ford (1964), whilst agreeing that geographical isolatio 
usually precedes reproductive isolation, feel that possibly one ET 
Sometimes get reproductive isolation without geographical isolation, 
Thoday and his associates (e.g. Thoday and Gibson, 1962) aa 
carried out a series of selection experiments (i.e. experiments wher? 
artificial selection is trying to copy natural selection) in OT er 
throw light on this problem. Starting with small populations 7. 
Drosophila, Thoday removed those members with certain charac? 
(The characters involved were chaetae. Thoday removed those es 
intermediate numbers, and left those with high and low numbe 
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After a very short time (10 or 12 generations) Thoday was left with 
two reproductively isolated populations, even though there had been 
no geographical isolation and it was deliberately ensured that there 
Would be some interbreeding between high and low chaetae-carrying 
flies, Hence, it would seem that artificial selection can achieve 
Teproductive isolation without geographical isolation, and assuming 
at one Bets roughly analogous conditions in nature, natural 
Selection can do the same. "wd 
€vertheless, it should be noted that although some evolutionists 
9 think that such analogous conditions will sometimes obtain, the 
analogy, as in most cases where one is trying to use artificial selection 
as a substitute for natural selection, is at points somewhat tenuous. 
p a start, although very severe selective pressures do occur d 
ature, the experiment does not really show what kind they mig ht 
i it is not necessarily the case that Drosophila chaetae algae 
$ particular characters involved, although of course they could e; 
stan Many would argue that, other than under very nanana TEET, 
ee such severe selection pressures would be unlikely E 
like met ag nre but yen sm that pes forces 
Pe monly hold amongst insects). Secondly, the m puse 
Other es that in any 
Population 


cent turn-over due to 
iPrat; might ge 
(1969 ion and immigration, although recent 


Im : 
region ently, the experimental population 
absolut 


Possible” that the analogy between 


© wild populations could neve 


hi ^ 
Sher animals will be rare, and it will possibly 


Sms of particular kinds (like insects). rE e 
mus bably masi selection drums are like Thodeyie ak 
tes àke qualifications about the conclusions one 1s ms of evolu- 
tion. iments obviously throw some light on the ps e: oa ene aM 
end 475 taken on their own, the experiments X tainl d. been 
the finat entirely. (Thoday's experiments pte z byen if one 
Brant, Word in the debate about speciation.) T the whole 
discuss. ÙS, at this point some critics might complain The question 
Which «ro So far has been an evasion of the main nape one posed 
aboye Should be asked, these critics would aft ve etant of natural 
“lection jel» What evidence can one ee do not first establish 


Y using captive populations? 
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the existence of natural selection, then do not all of our analogies 
from artificial selection become futile? Let us therefore turn to this 
question, noting however, that even if one were able to achieve no 
natural selection in captive populations, we still have evidence for it 
in wild populations. 

There certainly seems no reason, in principle, why natural selection 
should not occur and be studied in captive populations. Given 
organisms’ geometric capacity for population increase, then if one 
restricts this capacity by regulating food or space or something, then 
many are going to die without reproducing. Moreover, success an 
failure will be a function of the characters possessed by the organisms 
—it will not be a function of the experimenter's decision to let some 
succeed and others fail, as it would be were artificial selection 
occurring. A good example of an experiment involving this kind © 
natural selection in a captive population is given by Dobzhansky 
(1951). Populations of Drosophila melanogaster were kept in cages 
—the populations consisting of mixtures of the wild type (i.c. flies 
with normal-length wings) and of a mutant, ‘vestigal’ (i.e. flightless 
flies with stubby wings). When no special adjustments were made to 
the environment, the wild types increased rapidly, pointing to the 
fact, not only that natural selection was occurring, but that the wild" 
type was fitter. However, one might suspect that in some circum- 
stances the vestigal would prove to be fitter, and this turned out t° 
be the case. On small oceanic islands a lack of wings coul 
adaptively advantageous, for winged insects would tend to be blow? 
Out to sea and destroyed. Experiment confirmed this suppositio”; 
for when the captive populations were kept in places where pie 
could blow members away, it was the vestigal which proved fitter 
and increased in number. 

No more need be said about the value of experiments like thes’ 
They supply evidence not only of the existence of natural selection» 
but also of the effects of the sorts of selection we might expect t? 
find in nature. However, here as before, we must temper our ent 
siasm with Some qualifications. For a start, once again in oe 
studies one Is restricted to rapidly breeding organisms. Secondly, by 
must recognize that some organisms just get quite disoriente ii 
captivity—some refuse to breed in captivity whereas they would 
nature, and conversely, some normally reproductively isoli 
organisms hybridize madly in captivity, producing fully fit offs ity 
Thirdly, one must face up to the fact that, try as one might, Cape 
IS going to create some new conditions and possibly new sele ight 
forces. Thus one cannot really hope to study the effects of very mri: 
forces, because as selective forces get milder, the possibility 3 
there are other, unplanned forces, also having effects, gets 8^ 


T 
he theory of evolution. II: Evidence 
107 


Since, it i 
farce pr neat that evolution is often the product of very weak : 
oo viously a severe limitation on natural selection 
n co. onis 
the Sei it would seem that in all the cases we have studied 
from the stu ga od One can get evidence—substantial evidence— 
extent of ibis e dece populations; but, there are limits to the 
important to enn ence. Nevertheless, even though this is so, it is 
isnot relevant h this section by pointing out one limitation which 
Tents on capti ere. It might be objected that most of these experi- 
most of fiers de populations are of very dubious value, because 
Svolutionar o not pretend to tell us the actual course of specific 
occur, re pea. They aim to tell us only how evolution could 
captive po ii. whatever may be the limits of experiments on 
any of len a this objection does not point in the direction of 
Namely that oed the criticism is based on a confusion revealed earlier, 
escription o epe a theory of evolution and a phylogeny, that is a 
esigned to t hi group’s evolutionary path. The experiments are 
aimed prim ell one about the theory—this they do. They are not 
and for thi arily at the actual reconstruction of the history of life, 
about it, (Of com should not be blamed when they do not tell us 
results of o course, this is not to deny that one might apply the 
ne’s experiments to actual situations.) 


6.3 
3 Al s 
ner: deme evolutionary theories 
has beet ima that the theory of evolution th: 
At one etd Serious scientific opposition cou 


rough natural selection 
ld not be more wrong. 
f Mendelian genetics, 
outmoded, dying 
held alterna- 


man 

Y of i : 

th the leading biologists thought it was an 
I shall look 


deor 
tiv ea until recently, not a 
riety m m to the synthetic theory. 
we 19 erm so-called ‘Lamarckism’ (Lam 
40; 1955: Mayr, 1972), (ii) the ‘saltation’ th 
rthogenec: Schindewolf, 1950) and (iii) the theory of ev 
a: Siig (Jepson, 1949). 
hs ary — is commonly un 

e 1 Change is a function of the direct effects of the interaction of 


Ind 
a Avid: s : i 
ual organism and its environment—heritable characters 
e effects of use and disuse. 


derstood the theory that evolu- 


Sarin, à 
Wevers I nd disappearing through th 
arep, | think that ‘true’ Lamarckism (i.e. the version held by 
disuse, is rather broader and 


c ck 
Ver ), although including use and j 
which are supposedly the 


$ all 15 

(nu aue inds of evolutionary change 
tan weeds? e Eble characters appearing OT disappearing in response 
Ado, Tought through environmental pressures. (This excludes 
esponse to pressure.) 


mutation which is hardly a T 
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Indeed, ‘true’ Lamarckism probably puts the greatest emphasis on 
some kind of general tendency of all organisms to evolve towards @ 
kind of perfection, although Mayr (1972) suggests that as his thought 
developed, Lamarck came less and less to push this to the fore of his 
evolutionary discussions. 

Prima facie, Lamarckism (qua response to need) seems quite plaus- 
ible, for there are many characters which are apparently best eX- 
plained in a Lamarckian fashion. For example, friction on (human) 
skin causes calluses—hence, the horniness of the blacksmith’s hands. 
However, human babies are born with thick skin on the soles of their 
feet. What more natural supposition could there be than that once 
babies were born with thin-skinned soles, and that the thick skin only 
developed after they began walking on their bare feet. Then, because 
of this, future generations started to inherit what earlier generations 
had to acquire. Other characters like this are the black skin of hu- 
mans (acquired through generations of sun-tanning), the calluses 0? 
the backsides of ostriches (acquired through generations of sitting) 
and, of course, the long necks of giraffes (acquired through genera" 
tions of stretching). Apparently one can even find experimental ev" 
dence of Lamarckism. The geneticist, Waddington, subjected Droso- 
Phila larvae to heat-shocks and found that some of the flies the? 
developed with wing deformities, He selected these flies with deform 
Ties, and after a few generations he got flies with wing deformities 
even without heat shocks. Here, seemingly, is a clear-cut case © 
Lamarckian-type heritable change (Waddington, 1957). 

_ Of course, one major problem with Lamarckism, a problem € 
its supporters recognize, is that of filling in the genetical backgr che 
Which is supposed to be responsible for the transmission of characte! 
Which appear (or disappear) from one generation to the ne 
through use and disuse or just from a general need. One who mi 
to remedy this deficiency was Darwin (1868), who, believing int y 
heritable effects of use and disuse, offered what he called a d 
of "pangenesis'. Darwin supposed that all of the cells of the b° y 
throw off minute gemmules, that these are carried around the we 
and that they are then transmitted via the sex-cells to the ers 
generation. He Suggested that an alteration in the physical charac die 
of an organism through use and disuse causes an alteration in 
gemmules, which are then passed on in an altered form to the ce) 
generation, who thus inherit the changed physical characters- Hen 
we get a Lamarckian effect, ight; 

Nevertheless, attractive though Lamarckism seems at first ara 
there are several insurmountable reasons why both Lamarckis™ "ose 
Darwin’s pangenesis are considered untenable today. The pint 
obvious and most basic is that the cytological evidence 


ven 
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entirely i 3 r 
im diy mamas direction. Cells do not give off loose units of 
Tum ae pobre there are no pangenes carried along in the 
evidence that i her bodily fluid, there is absolutely no (cytological) 
tance either thro E peque y hasa direct effect on the units of inheri- 
supposed by L ugh use and disuse or from a general need in the way 
namely that ae evidence all points the other way, 
through ps T en the environment affects the genes it does so 
Unrelated to ben as radiation, and the phenotypic effects are quite 
hot the:uase ve cmm needs or use and disuse—and, finally, it is just 
orm the sex-cell genes or gemmules come from all over the body to 
organisms is ls (‘gametes’). The formation of these cells in many 
man, for POE separate from the other (‘somatic’) cells. In wo- 
le ovaries b ple, those cells which form the gametes are already in 
efore birth. Hence, in no way could use or disuse or any 


Ind of 
need brought on by the environment have a heritable effect. 
believable claim that 


E adequate evidence’, 
pangenesis) on a 
reason, Lamarckism 


Some : 
drea or experimental results which prove 
UPholder by Lamarck, Darwin, or any other 
t of the doctrine. (One favourite example is the effects of 
Tying to f; o another.) But rather than 
instead o athom the strange psychology of neo-Lamarckians, let us 
b one this brief discussion of Lamarckism by turning 
inst, it dington’s experiment. . f 
» It should be noted that Waddington’s effect 1s quasi- 


Mare) i : 
üs um at best. There is no evidence that the Wing deformity 
Shock, S ind of response in answer to à need set up by the heat- 
ne Lamarckian effect, 


Weddington di even for this borderli 

;, Sndelią n did not have to step outside of the bounds of orthodox 
fan) ex ^e genetics to find an explanation. Waddington's (Mendel- 
alwa, P'anation started from the fact that organic characters are 
Particula, function both of the environment and the genes. In 
AVE a g £, the deformity of the flies which needed heat-shock has to 
(ie he Soe basis as much as it has to have an environmental basis 
Yi p Nie. eK); Waddington supposed that there are a number 
mee ‘ti each capable of creating deformity when conjoined 
8 Pu h Shock, but unable to create deformity when alone an 
y his Sat-shock. He selected experimentally for those genes, an! 


n à à 
"boi al specimens carried several su hich Waddington 


esiz ch genes Wi i 1 
ed could together cause the deformities even without 
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heat-shock. To test his hypothesis, Waddington argued that if it 
were true, then by natural accidents of sampling, occasionally even 
without selection a fly would accumulate enough polygenes to 
exhibit wing deformity. This in fact occurs, and hence it would seem 
that in order to explain the effects of the experiment, there is no need 
to suppose any kind of heritable mechanism other than that supplied 
by Mendelian genetics. A Lamarckian hypothesis is unneeded.” 

An evolutionary theory which was popular both with geneticists 
and paleontologists in the early part of this century was the saltation 
theory of evolution. It is this theory which Goudge, unlike active 
biologists, still thinks is a viable theory of evolution. The basic 
premise behind the theory is that although intra-specific change can 
involve just selection working on mutations having small heritable 
effects, large-scale evolutionary changes call for instant, large-scale, 
heritable changes. These evolutionary jumps are supposedly brought 
about by ‘macromutations’. Hence, it is claimed, we get an instant, 
one-generation jump from, say, reptiles to mammals, and then, in 
turn, we get a jump from the primates’ immediate precursors to the 
primates, and then from man’s immediate ancestors to man. There 
are no transitional stages—one is either a reptile or a mammal, one 
cannot be Something in between. Since these changes are so rap!» 
there is hardly place for the effects of natural selection, and so it 5 
argued by some that one cannot expect to see moves in the direction 
of greater adaptation in the effects of macromutation. In other words: 
the basic ‘plans’ of organisms—that which makes a reptile a reptile 
rather than a mammal, and a man a man rather than a chimpanzee— 
are not adaptive. ‘Adaptive’ is a predicate which can hold only © 
differences between organisms of the same species. 

I shall have more to say about this in the following sections whe” 
we come to consider the various subsidiary areas of evolutiona'y 
biology. At this point, let me note that, as in the case of Lamarckis™; 
the theory fares badly in the light of the evidence of genetics 2” 
cytology. The theory owed its initial plausibility mainly to the € 
that, not surprisingly, early geneticists concentrated primarily us 
fairly large, unequivocal instances of heritable change. It was P 

* In fairness, it should be added that there is a rather paradoxical conclusi. 
to this story. Waddington himself does actually think that his experiment Palis 
io à way to supplement the synthetic theory by a mechanism which he nets 
genetic assimilation’. Waddington thinks his experiment supports the ee 
that very rapid evolutionary change can be caused by characteristics being 
polygenes first being manifested through environmental stress and then t that 
Selected until the stress is not needed. However, Williams (1966) points OU will 
there is no reason to suppose that stress will ever cause characteristics whi $ 
be favoured by natural selection—the wing deformities in question are nO 

an example. 
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M ier had matured a little that it was realized just how 
Eom is the existence of mutations causing very small changes. 
fair] ae although geneticists know of some mutations which cause 
oF a rastic changes, they have entirely failed to discover the kind 
Eur romutations required by the saltation theory—the kind of 
ede which would take a group of organisms from one order to 
usuall T. Moreover, the large-effect mutations which are known are 
hie pe those mutations which are the most crippling to their 
to the Tm an overall reproductive viewpoint, although, contrary 
tive is s aims of the saltation theory, they do not make for reproduc- 
entirel, ation between parent and child (unless they end reproduction 
nee. Achrondroplastic dwarfism is caused by a one-gene 
ate and it certainly has fantastic effects on the phenotype. 
ivel ver, the human achrondroplastic dwarf is not even reproduc- 
Potenti; olated from other humans, although his (or her) reproductive 

lal appears to be much reduced. 1 ae 
of lenia. one might argue that the failure to find the right kind 
‘cromutations does not necessarily prove their non-existence; 


ut d i : 
ey ike unicorns, there is a difference between saying that logically 
Mor Might exist and that it is reasonable to suppose that they exist. 


e - te as Dobzhansky (1951) has pointed out, in order to i 
acro tation theory one must suppose not only the aai 
Same Mutations, but also that such mutations occur twice in en 
Teanin vidual (and, presumably, in at least one conten pore 
With usm of the opposite sex). Otherwise, one will have mer 
ion ai One such mutation, and the whole point is that the 
Stou m Supposed to carry one from 
Tganism another—that is, from and to 
Proq, S With just one half set of genes 
hyb i Uctively handicapped, if not outrightly non- du 
Would Teptile-mammal). An organism with one eof a 
© just such a hybrid. Thus, to hold the saltation t i i 
eve, not just in the existence of macromutations, 


= ice i ‘om (and, if they are to be 
transp, OCCUr twice in the same organism ( i Ib tation 


ike utted, in a mate also). The need to suppo: atio 
their e given that none de ever been spotted makes a belief in 
even tence ludicrous. 
henon, Peles, as in the case of due Ab rns 
Brouns Cna which prima facie support ere docs find 
hha Sper Organisms, virtually all of which are a ec bake 
959) 7 T!ation occurs in the space of one ge bonis eid 


of, ^" That is : ory supposes, the P 
à ded acere "e However, whilst this phenom- 


tnoP hg are r saltat 
n, eproductively isolated. us dd 
nown as ‘polyploidy’, does show that the synt 
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must be extended to cover such cases of speciation, it hardly prove 
support for the saltation theory as described above. Polyploidy is ; 
function, not of macromutations, but of whole sets of chromosoma 
being passed on, rather than as is normal, haploid sets. hos iuit 
of the offspring getting 27 chromosomes (= n + n), they might ge 
3n (=n + 2n) or 4n(= 2n + 2n). Or they might get whole sets fom 
organisms of different species. The most famous example of the Ven 
kind of organisms is the hybrid between cabbage and radish, be: 
can reproduce but which is (reproductively) isolated from both kin A 
of parent. But, for most groups of organisms, polyploidy is rare 0! 
non-existent, and so, even if it did support the saltation theory 
(which it does not) it would still supply no answer to the missing 
macromutations supposedly involved in most evolutionary changes: 

This brings me now to the third rival to the synthetic be 
namely evolution by orthogenesis. I shall say very little about t si 
theory at this point, mainly because it says nothing very much abou 
genetics or the causes of heritable change generally. It was m 
that the fossil record gave evidence of trends (from smaller to a 
and so on), and that towards the end of these trends the characten 
involved, whatever their earlier adaptive value may have a 
became positively injurious to their possessors, For example, it hed 
claimed that something like the massive fangs of the sabre-toor® 
tiger, or the monstrous horns of the Irish elk (see Figure ony 
required an explanation which could not be supplied by any pues 
based on the Darwinian-inspired notion of natural selection. It a 
therefore concluded that one must recognize the existence of pes js 
kind of orthogenetic ‘force’ or ‘momentum’ carrying charac 
beyond the point of maximum adaptive value. 


Figure 6.1 imal 
The horns of the Irish elk, Cervus megaceras. (From Carter, Ani 


Evolution, Sidgwick and Jackson Ltd.) 
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ary em mM with the question of whether or not evolution- 
E oum n" ies that all organic characters (in. successful) 
found in the m be adaptive, and also with the supposed trends 
the major ski record. At this point, let it be noted merely that 
ignored toda son why this theory of evolution by orthogenesis is 
above, fails t is because it, like the other two theories discussed 
ndeed, it ates answer the questions of genetics and cytology. 
Positive sort = not even really try to answer them in any very 
Oreo or mio way, and since no direct evidence can be found of any 
alrea dy b mentum driving mutations in a direction they have 

egun, evolutionists entirely disregard the possibility that 


orthogenesis mi 
genesis might be a cause of evolutionary change. 


his bri 
brings me to an end of my preliminary discussion of theories 
ry. We have seen 


of e : € 
Diane which have rivalled the synthetic theo l 

is is th tee have failed to explain the basic facts of heredity, and 
there “oy major reason why they are disregarded today. However, 
Eon Uer reasons for their rejection (and conversely, for the 
Sidiary e of the synthetic theory). These reasons lie in the sub- 
Doleo: of evolutionary study, and I shall now briefly consider 

morphology, systematics, and paleontology. 


64 
Tw evidence of morphology 
chari Ey is the science which tries to explain the physical 
eristics of organisms—the eyes of men, the green leaves of 


ants p . H 
ion ui the fins and scales of fish. Obviously, the major contri- 
of the synthetic theory to this area of study is the supposition 

ive—that 1s, 


at phy : 
th Buch otypic organic characters ar 
Characters exist and have the form t 


Tépro, 
u n 
theory aa As we have just seen, two TI 
à part of "pe orthogenetic theory, would. 
“pute qs s assumption. What evidence !$ there to he 

£ 5 - n . 
ieu clear that many organic characters are in fact adaptive. 
Moths; b already had some evidence of this, namely the colour of 
around ut one need carry out no elaborate tests to see adaptiveness 
Us. Eyes, teeth, hands, ears: legs—they all aid in survival an 

Uction. Admittedly, an animal might loose à leg and still raise 
evolutionary 


Tep 
rod 
a 
Here ;. 
Stug; TS, inci 
Udies p3} Ncidentally, I think we have another ex: ofan area of 


h tival ich gives no real way of deciding yen synthetic theory and all of 
il 9 Rod Suspect that the Lamarckian's claims about morphology, and indeed 
nS Synt] matics and paleontology, would not be very different from those of 
pore Tias theorist, although were one to accept amarck's views about à 
Udwign't towards perfection, pertinent tomerences might appear. But see 
(1972) for Lamarck’s attitude towards the fossil record. 
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a large family; but the chances are much weighted in favour of an 
animal with all of its legs. Moreover, against the saltation theory, it 
clearly seems the case that the basic ‘plan’ of organisms is adaptive. 
Tt might be an interesting experience if our eyes were on the small of 
our backs; but for organisms like us, walking in the way that we do, 
it is clearly much more useful to have them in front, up at the top of 
our bodies (and this, of course, is quite apart from the anatomical 
‘engineering’ which would be needed to put our eyes on our backs) 
Hence, there is obvious truth in the claims of the synthetic theory. 

However, having admitted truth in the basic morphological claims 
of the synthetic theory, a big problem must be acknowledged. Much 
of our thinking about the existence and nature of particular adapta- 
tions is highly conjectural, or, at least, it was until very recently. 
For example, only fifteen years ago Dobzhansky went as far as to 
write of his own special field of interest that ‘Indeed, most of the 
morphological traits which differentiate related species of Drosophila 
are of a kind the significance of which for the welfare of the animals 
is not at all evident (Dobzhansky, 1956, 338). Speaking more 
generally, he admitted that ‘It is a fact that the variation in some traits 
which at one time seemed neutral was later discovered to be adaptive 
(Dobzhansky, 1956, 339). Yet, he concluded that ‘it is still as true t07 
day as it was in Darwin’s day that the adaptive significance of mos 
traits which vary between and within species is obscure. Suffice it E 
mention that practically nothing is known about the significance o 
most traits which vary between races of man as well as among 
individuals within a race’ (Dobzhansky, 1956, 339). 

Obviously, much remains to be learnt about adaptive advantage 
We know enough to be able to claim that adaptation is widesprea 
but we are far from being able to say (on the direct evidence) just Bo t 
widespread it is, although I think it is fair to say that in the past 
couple of decades, primarily because of the brilliant field and jo 
atory work of such men as Dobzhansky (in America) and Ford G S 
England), the direct evidence in favour of the synthetic theory’s A 
positions about the widespread nature of adaptations has his 
dramatically increased. But even if we were to exclude much of tt” 
new evidence, before it could immediately be concluded that morP P 


ology fails to give major support to the synthetic theory, one i ion 
“Paradoxically, Goldschmidt, one of the strongest supporters of the salted 
theory, argued that some differences between species are such sophis tion? 
adaptations, they could not have come about by selection on small vari? ing 
The wing shape, type of flight, and correlated structure of the lungs of a humr 

bird, together with a honey-sucking bill and tongue, are a beautiful a x jo? 
to a definite ecological niche. But could selection favour such a Wn ans 


before it has reached a working capacity’ (1952, 93). Goldschmid 
was ‘No’! 
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ant poin 
M nacer dren to be noted. Although the theory stresses the 
must be adaptiv poe it is far from claiming that all characters 
Teasons rd T advantageous. In fact, there are at least five 
adaptive P NE uer: think some characters might not be 
ome of these ugh not all evolutionists accept all of the reasons). 
existence of ge reasons, we have already met. One is the possible 
even pasita s drift, leading to the fixation of non-adaptive (or 
‘sm. If a sion isadvantageous) characters. Another is pleiotrop- 
Which is a da tropic gene causes two phenotypic characters, one of 
ism’s dues i and the other inadaptive, it might be to the organ- 
to tolerate the latter for the sake of the former. A third 


Teason j 
Nis c. e 
hanged conditions. A character may once have been adap- 


live b 

; but, wi s Abi 

Dut, with changed environmental conditions, 1s no longer so. As 
lation. A fourth reason is a 


Yet, it ; 
c oia disappeared from the popu 
at the Erie two roles. The peacock's tail may attract the peahen; 
attack, Fifth ame time, it may make its owner more vulnerable to 
thly, there is allometric growth. Some genes cause pheno- 


lypic 

Cha: 

these Sime to grow more rapidly than the rest of the body, and 
The: cters continue growing after the sexual maturity is reached. 


Y may gi ; 
organisma. give their owners the reproductive edge over other 
Ime, the ¢ even though later they prove to be a handicap (by which 
genetic damage is done). It is thought that the Irish elk's 


Orns ar 
are ; ; à 
possibly the size they are for this reason. " 
hetic theory might be 


er} 

feeling go by this point a critic of the synth 

inadaptives ewhat uncomfortable. With all these possible reasons for 
Tacter ness, one might feel that there is no way in which a 

i. Could not fit the theory's claims. Jf a character 1s adaptive, 


en all 

i w S 

Ven ell and good. If it is not, then itis not for one of the reasons 
s: ‘A lover of paradox 


a 
pud Ks E. Hence, as von Bertalanffy argue > i 
it disproy, at the main objection to selection theory is that it cannot 
celles on ed’ (von Bertalanffy, 1952, 89). There are, however, three 

ould not am make to this criticism. First, eve? if morphology 
Particular] Isprove the theory, there are other sources of refutation, 
eso z genetics. Secondly, because evolutionists can give many 
panot br inadaptiveness, this does not mean to say that. if they 
fb Mada ri a character adaptive they Can immediately claim it to 

j inaday ive. They must show why they think one of the reasons 
ey, fing ee holds, A conjecture is not proof. Thirdly, none 
ing du ionar ns given above is just an ad hoc device to save the face of 
dog Pende Y theory. Pleiotropism, for example, does really have 
* nt evidence. Thus, evolutio ust conjuring up 


Nev’ to avoj nists are not J 
1 oid awkward counter-examples- — . 5 i 
ess, even if one grants all of these points, one might sti 
€ lack g ical evidence for the 
of comfort about the morphological evidence 9 
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synthetic theory. One who feels this way is Rudwick, who, although 
he is specifically concerned with the paleontological evidence (for 
the synthetic theory), makes a criticism which is just as applicable 
to the morphological evidence. Rudwick writes as follows: 


With a certain critical fossil organism before us, we may argue whether 
its distinctive features were or were not adaptive. But we cannot reach any 
conclusion about these features except by testing them as possible 
embodiments of conceivable Operational principles. We may then be able 
to demonstrate that they were probably adaptations of high efficiency for 
particular functions; and by doing so we shall add cumulative weight P 
the synthetic theory (or any other theory that stresses the ubiquity id 
genuine adaptation). Yet if we are unable to do so, our failure will not ad ; 
corresponding weight to some other theory, for it can always be said n 
the features may prove to have been adaptive, if only we can think of the 
right function. For there is no positive criterion by which non-adaptivenes 
Can be recognized and demonstrated. At least in this respect, therefor 
the synthetic theory would seem to be as unfalsifiable as its rivals a? 
unverifiable. (Rudwick, 1964, 39-40) 


Rudwick seems to find àn asymmetry about the synthetic theory: 
Positive evidence counts for it, but negative evidence does not cou? 
holden and obviously if his argument is sound, then the asymmett 
holds just as much in the case of the morphological (i.e. phenotypic 
characters of living organisms as it does in the case of the morP nd 
logical characters of fossils (although, this is not to deny that it coU i 


int 
í rests on a logical confusion. The PO? 
Rudwick overlooks is that whilst, admittedly, we can never "i 
absolutely certain that Some character is inadaptive, so we can D 
be absolutely (logically) certain that some character is adapt! 


ives 
There comes a Point when we assume that characters are pon 


daptiv® 


this jump from probability to certainty in the case of “gapti 
5 


characters, can we refuse to make the jump in the case of ina 
4 not. In other words, although it 18 has a 
(logically) possible that some apparently inadaptive character h at 
adaptive value, after a while it becomes unreasonable to assume y's 
such an adaptive value does exist. Hence, contrary to RU ene 
claim, no such asymmetry exists between the morphological ev! 

for and against the synthetic theory. 

Nevertheless, not unreasonably the critic might ask | hw 
specific examples of kinds of morphological evidence which osi 
count against the synthetic theory. What one needs to suphi just 
some kind of apparently inadaptive character which it wou 


for som 


Th 
e theory of evolution. III: Evidence 
117 


Not seem reasonab 
Pleiotropis: able to put down to any normal i i 
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tossly sw mammals and that th i 
carried Sea as if caused by elephantiasis). Em os is 
docs Em io bee me mm ke animals and found that iss 
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thinner-leggs caught by predators; the females, if wired 
members arpa len there is no cvidence of EO pid 
or the leg (and mr species can be found elsewhere, identical but 
üppose, howe ence pleiotropism seems implausible); and so on. 
diminishing on th that one found no evidence that leg size Was 
if one found s n the contrary, it seemed to be increasing. Frankl. 
to conclude PUE like this, I think that one would have to id 
Of the Corel one has here an unexplained (and, within the context 
We do not thi à theory, inexplicable) inadaptive character. Of course. 
In fairness ae we shall find such a character, and it is worth one 
Obviously inad most unexplained characters are far from being so 
Colour differe apted as the example given above—most, like slight 
€ reason herr seem neither very adaptive nor inadaptive—but 
te evant we do not think we shall find such a character is not 
9rphologica] ionists are constitutionally incapable of recognizing 
; : example on to their theory, but because, so far, 
eoi IS qo 4 the one I have just described has occurred. Ifa 
[s (On the to ounter-examples, it might possibly be because it is 
TA Synthetic Pm of what kind of characters would actually falsify 
aynard Smi eory, see the rather amusing exchange between 
ith and Waddington in Waddington, 1969.) 
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The expectations of the two theories clearly contradict each other, 
and it is the synthetic theory’s expectations which are found to hold 
in the world. Some groups are obviously on the point of speciation 
(i.e. of forming separate species). Well-known instances of these are 
so-called ‘rings of races’. Here one has a chain of groups, no group 
reproductively isolated from its neighbours, but with the end groups 
touching or overlapping each other, and remaining reproductively 
isolated. Were some of the central groups to be removed, these end 
groups would be counted two quite separate species. As it is, gene 
exchange is possible between them, via intermediaries. Hence, in one 
sense they are separate species, but in another sense, they are not. 
These rings of races are clearly species in the making. They could 
not exist were the saltation theory true. They are not only possible 
—they are expected given the truth of the synthetic theory. 


6.6 Paleontology 


Nearly everyone, if asked why they believe in evolution, would reply 
‘because of the fossils’, and it is undeniable that as far as the fact 
and course of evolution is concerned, the fossil record is irreplaceable 
evidence. However, as far as the theory of evolution is concerned; 
evolutionists of all kinds have, following Darwin, seemed to spen: 
far more time explaining why the fossil record does not refute thelt 
theory, rather than triumphantly forwarding it as evidence in favour 
of their theory. (The Special Creationists, of course, found the foss! 
record no more comforting.) Admittedly, since Darwin a great ea 
of fossil evidence has been uncovered; however, I think that a 


oe | s 
evolutionists would still want to agree with Carter, who writes ? 
follows: 


A theory of evolution can never be deduced from palacontological ma 
alone. Fossils may show us the changes by which one animal has Lem 
from another, but they tell us very little of the means by which Mods 
changes were brought about. The palaeontologist may be able ioi. no 
Some theories of evolution on the ground that they demand chang? uch 
in accord with his facts... But to build a theory of evolution is nimal 
more the concern of the biologists who deal with the nature of the Aents 
organisms and with changes that can take place in it—geneticists, Pi 
of animal life histories, ecologists and others. The part of paleonto 1 
the study of evolutionary theory resembles that of natural selection itself 


process of evolution; it serves to remove the inefficient but cannot 
initiate. (Carter, 1951, 9) 


i ssil 

An important fact must therefore be recognized about una of 
record. It cannot give us any direct evidence of the mechanis ism 
evolution. It can only tell us about the effects of these medie test 
But, as Carter points out, the record is a potential source - 
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aime TL é 
"ence Mae between evolutionary theory and its rivals 
the SEA wi E D — between the synthetic theory and 
, n! . 

N S = us look at these tt pe dv et 
saltation T the fossil record seems to support the 
evolutionar Ee since in most cases we do not find smooth 
we find e d ue as if caused by very small variations. Instead, 
abruptly Dew inds of organisms popping in and out of existence 
fiichon a odis one might expect if evolution were essentially a 
the synthetic rd However, it should be recognized that 
UN Smooth eory does not claim that the fossil record must always 
Changes must —— changes—what is claimed is that such 
Something bei BNE occurred. The trouble is that the chances of 
alysmal cart fossilized, even given gradual changes, 2° fantastic- 
like an a ie ifitis something unlikely to fossilize anyway, 
then, if we ai ust the right conditions must prevail for fossilization; 
need the sa re to get evidence of the evolution over a period, we 
deposition un conditions holding for a period, with constant 
must remai table, Obvion then on, the rock formations in the area 
break dow > stable. Obviously, usually some of these conditions will 
© syntheti, and hence, even if we do get evolution as supposed by 
record ig theory, we cannot expect much more of the fossil 

Neverthel what we actually find. MA 

Occasional] ess, if the synthetic theory 1S indeed true, we should 
group to y expect to find some intermediate organism linking one 
another. Conversely, if the saltation theory is true, such 


links 
Such uM never be found. As the synthetic theory predicts, some 
s are occasionally found. The most famous example is 
half-bird but still half-reptile. 


now so many intermediate 
discussion, every 
beginning of the 
Pe, so bel sing link between man and 
etica] t oved of fundamentalist theologians, 1 now far less hypo- 
€ fossi] an it was once (Mayr, 1963). Hence, despite its limitations, 

Onverse] record gives little comfort to the saltation theory, and 

na lb positive support to the synthetic theory. 

9 hold e manner the fossil record shows that there is little reason 
the mai an orthogenetic theory, even though the record was one of 
Place jor reasons why such a theory was ever proposed in the first 

here are certainly evolutionary trends; but few are so 
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obviously inadaptive as the orthogenetic theory would s to e 
mand. In many cases, in fact, the trends seem to be constantly in 5 
direction of increased adaptive advantage. For instance, many d s 
lines show an increase in body size over a long period. (i A 
within limits, increase in body size is adaptively advantage | 
example, the larger animal is often swifter and hence can ps bee 
or escape from predators better. Moreover, as Simpson points a 
were the synthetic theory true (as opposed to the ipo ium 
theory) one would expect to find that these trends are d d 
regularly unidirectional. One would expect to find periods ofs em 
tion and even reverse as the environmental conditions fluctua dli 
For example, in times of famine, small size might be pee eee 
advantageous over large size. It is precisely this irregularity wi qe 
we often find in evolutionary trends. Indeed, sometimes there a de 
much irregularity it is a little pointless even to go on talking a in 
trends. About the most famous supposed ‘trend’ of all, reduction 
the side-toes of horses, Simpson writes: 


a 
There was no such trend in any line of Equidae. Instead there Fo 
sequence of rather rapid transitions from one adaptive poe s rious 
mechanism to another, Once established, each type fluctuated in the s the 
lines or showed certain changes of proportion related to the sizes 
animals, but had no defined trend. (Simpson, 1953, 263) 


' - H the 
Hence, it would seem that, if anything, the evidence puo 
direction of the Synthetic theory rather than the orthogenetic like as 
Certainly the evidence for the latter does not seem BRE sto 
good as was once claimed when the fossil record was less well ut, tl 
However, it should not be forgotten that, as Carter points ^d neo- 
main reason why modern evolutionists are neo-Darwinians | edt: . 
Mendelians) rather than orthogeneticists lies not in the den othe 
What really counts is that orthogenesis finds no support ! the 


. . 1 as 
areas of evolutionary study, particularly genetics, where 
Synthetic theory does. 


6.7 Conclusion estating 
In the hope of finally stilling the critics let me conclude PY theory 9 
the three major points about the evidence for the synthetic edictioP® 
evolution. First, one does not have to be able to make P any 
about the future evolution of elephants before one ch as well 5 
evidence for (and against) theories of evolution. The pas the terrific 
the present and future can give us evidence, and, E animals aur 
importance of genetics, although they are more prosme e^ jodge e 
knowledge of fruit-flies can be just as revealing as our 


eat: 
À n be g" 
elephants. Secondly, evidence for a theory of evolution ca 
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even though evidence for the actual course of evolution might be 
slight. (Note how, in the quotation on p. 98, Carlo speaks indiffer- 
ently of ‘evolution theory’ and ‘evolution’.) Thirdly, one must judge 
evolutionary theories by the evidence in a// areas (but, most particu- 
larly, in genetics). Just to concentrate on paleontology, for example, 
I5 to get a very distorted view of the true picture. Of course, it cannot 
be denied that, as we saw, at least one critic of evolutionary theory, 
Himmelfarb, believes that to appeal to all of the evidence in this 
Way is illegitimate. She feels that to do so is to rely on a ‘logic of 
Possibility’ where, unlike conventional logic, possibilities add up to 
Probability, However, I would suggest that Himmelfarb has the 
Wrong analogy in mind here. She thinks of the process of theory 
Confirmation as being akin to finding one set of probabilities given 
Other sets of probabilities. Thus, if we have a 1 in 6 chance of throw- 
ing a six, then the chance of throwing two sixes is much less, namely 
1n 36. But, the situation we are considering is not like this. In our 
case, we have something very similar to the task faced by a prosecut- 
mg counsel when he wants to build a case out of circumstantial 
Svidence, On its own, the fact that Lord Rake was shot by the butler 
cnd that the butler is a crackshot is not overwhelming evidence in 
avour of the butler’s guilt. On its own, the fact that the butler’s 
alibi breaks down is not overwhelming. On its own, the fact that 
Lord Rake seduced the butler’s daughter is not overwhelming. 
Owever, add up all of these facts and others, and the existence of 
d © butler’s guilt is overwhelming. It is put ‘beyond reasonable 
Subt’. Th a like manner, because of all the evidence taken heey 
© truth of the synthetic theory (in the sense discussed at t e 
renting of the chapter) and the falsity of its rivals is beyon 
Sonable doubt. 


7 


TAXONOMY I 
THE EVOLUTIONARY APPROACH 


ivin 
Given the incredible range of organisms on the earth, bath ee 
now and as revealed to us from the past through the fossi hand i 
any biological theorizing obviously presupposes (or goes ification 
hand with) an attempt at classification, This science of Se ind 
is called ‘taxonomy’ and in this chapter I shall be cons! hich, fo 
traditional way of doing taxonomy—the taxonomy * the nex 
Obvious reasons, is called ‘evolutionary taxonomy’. -— lutionary 
chapter I shall consider a newly arrived alternative to exons 
taxonomy—the taxonomy which is known as ‘phenetic logy ah 
or ‘numerical taxonomy’. (The journals Systematic AR) iscus- 
Taxon contain many philosophical and quasi-philosoph! 
sions of the problems of taxonomy.) 


7.1 The Linnaean hierarchy and its evolutionary content " 
A biological taxonomic system consists of a set of rules aufi er 
one to classify in a particular way. The system which I en — Linnaeus. 
in this chapter owes its rules to the work of three ap ht call the 
Darwin, and Mendel. Linnaeus provided what one "um us on the 
formal structure of the system; Darwin and Mende the Linnaea” 
road to the knowledge which enables one to give aspects O ip 
structure an empirical content. Let us take these iiep e Linnaeé 
evolutionary taxonomic system in turn, beginning W1 ji 
contribution (see Buck and Hull, 1966). ‘Ged hierarchically- 9 " 

Following Linnaeus, organisms are classified i hese in Hr 5 
starts with a number of classes known as ‘categories - the memb in 
have as members classes called ‘taxa’. eem aly one taxo” 
of taxa. Each organism is the member of one and 0 


h enable 
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each category. The categories themselves form an ordered set, and 
the position of a particular category relative to its fellows is called 
its ‘rank’ or ‘level’. Each member of a category at a particular rank 
1S included in a member of the category at the next higher rank. In 
Other words, since the members of categories are taxa, given a 
Feiner taxon of a particular category, its members (which are, in 
uL organisms) are also members of a taxon of the next higher- 
art category. This obviously applies all the way up the category 
Cian until one gets to the top-ranked category. The taxa of this 
at €gory are included in no other taxa. Usually, the members of taxa 
un ifferent ranks (a ‘taxon rank’ is that rank which a taxon's 
rma d has) are made increasingly more numerous as the rank is 
> ‘eased, so that one has many taxa in the lowest rank, and but a 
Ls faxa in the highest rank. (The way in which the members of taxa 
ta: Made more numerous is, of course, by including more than one 
xon of one rank in the same taxon at the next higher rank.) 
com formal description of a hierarchy makes it sound much more 
bnt; ex than it really is. The following simple example will, no 
orga t, do more than a thousand words. Suppose one has ten 
also qu. grouped into four taxa at the lowest rank, and suppose 
Eo at there are three different categories. There is no one absolute 
Fig, im Which the grouping must continue up the — 
re 7.1 would be typical. ZA. We 


oy We 
S7 


6; 
Ys [re b, c, d, e, f, 9, ħi "mi 


E> Fz 


; b, c, d, e f) (ghi j) 
^ Ue : i E ] Calcutta > p 


A, B, G UD es 
œ, [ta, b, c) (d e f) t9 h) ti iI] C a) 
Figure 7.1 
In à; P 
this anisms, the 
e exam i ters stand for org d 
ütveq ple the small arabic let 1 arabic letters are the 


Da Tackets stand for taxa, the capita 
me the taxa (and the subscripts, the taxa’s ranks), the square 


kets are the names of 
the care, Land for categories, and the Greek pee s As can be 


Seen îtegories (and the subscripts, the categories’ tason in exch 
tate, each Organism belongs to one and only one tax pp os 
x us, for example, organism 4 belongs to taxon 
I Tank two, and G at rank three. — |. 
Organ © Version of the Linnaean hierarchy which is Eos men 
bers e must belong to a minimum of seven TUE Th ^ are in fact 
Sven specified categories of increasing rank. Ther 
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more than seven categories, and these extra categories are used for 
more detailed classification; but belonging to a taxon of each of these 
seven categories is essential. As an example, suppose one attempts to 
classify a particular organism which belongs to one of the wolf 
species, then it automatically follows that there are seven taxa to 
which this wolf belongs and these taxa in turn belong to seven 
categories. The taxa and categories are as follows: 


Category — Taxon — 


Kingdom Animalia 
Phylum Chordata 
Class Mammalia 
Order Carnivora 
Family Canidae 
Genus Canis 
Species Canis lupus 


As can be seen, convention demands that the name of the genus va 
included in the name of the species (both of which are italicize 
So far, we have been concerned only with the formal structure o 
the evolutionary taxonomic system. Let us now turn to the empiric 
content which supporters of the system try to put into it. Thanks 


n [ 4 he 
Darwin, Mendel and their successor we now recognize dd 
organic world as we find it—both here and now, and in ee [o 


record—is the product of an evolutionary process. It is the this 
evolutionary taxonomists to reflect in their system something © ize 
evolution of organisms; however, one thing must be en ts 
immediately. No one, not even the most ardent evolutionist, ars 
to build into his system every iota of evolutionary information eans 
he has concerning the organisms he is trying to classify. This "ibo t 
that the evolutionary taxonomist must make some decisions sifica- 
exactly what kind of information he wants to put into his ered 
tion; and, not surprisingly since evolutionists do have i ent 
interests, this means that despite a common overall commitm ache 
evolutionary ideals, one does find somewhat different appro : 
when it comes to more particular problems. Admittedly, as 12 nce$ 
actual practical business of classifying is concerned, these on 
do not always have a great effect on the finished products © unde 
omists; but their theoretical importance should not 
estimated. ution 
Basically, there seem to be two major approaches to soe ge 
taxonomy in the English-speaking world, although, as W = of thes 
there is quite a bit of overlap both in the aims and princip t call the 
approaches. On the one hand, one has what one ME 
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Seneticists (see Mayr, 1969). For them, the dominant consideration 
1S not so much the past history of organisms (even though they do 
not entirely ignore it), but the similarities and differences of the genes 
and gene complexes of the organisms they are classifying. As Mayr, 
one of the leading supporters of this kind of taxonomy, writes: 
hen an evolutionary taxonomist speaks of the relationship of 
Various taxa, he is quite right in thinking in terms of genetic similar- 
ity, rather than in terms of genealogy' (Mayr, 1965). On the other 
Side of the fence, one has what one might call the genealogists (see 
!mpson, 1961). For them, evolutionary classifications must, in some 
Sense, reflect organisms’ phylogenetic history. Thus, Simpson, one 
Of their spokesmen, writes: ‘It is preferable to consider evolutionary 
Classification not as expressing phylogeny, not even as based on it 
(although in a sufficiently broad sense that is true), but as consistent 
With it. 4 consistent evolutionary classification is one whose implica- 
tions, drawn according to stated criteria of such classification, do not 
contradict the classifier's view as to the phylogeny of the group 


'Mpson, 1961, his italics). 


waige san hierarchy) should correspond to the 
B 


mierbreeding na lations : 
iate Other Bi grompe (Maj 1942, 120). In the case of ie pn 
tenet than the species (say, rank 7), we find that prr] he te 
these classes, having as members taxa of rank n, $ po T 
eir member-taxa one or more taxa of rank E» 2 pean od 
si Ron phylogenetic origin, separated by a dec! i m aes 
siz lr groups, It is to be postulated for practical rea gps 
Ve Of the gap shall be in inverse ratio to the me d pe 
coL, 1942. 282). It should be noted that by ‘decided 84P "irri 
gu is meant something genetical—there is, as it were, a g 
&tween taxa of the same rank. r 
om, ning next to the definitions of specie 
Couch by genealogists, we find that 


for’ 35 We shall see, the meaning is di ich are what he calls 
impson, has as members groups which 
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‘evolutionary species’, where ‘An evolutionary species a pee 
(an ancestral-descendant sequence of populations) evo axo hs et: 
ately from others and with its own unitary evolutionary $ TRES 
tendencies’ (Simpson, 1961, 153). For the higher — Murs P 
uses Mayr's definition; but it is clear that when he t a ed tiis 
‘decided gap’ between one taxon and another, he does no n mii 
same thing in mind as Mayr. Obviously, both Mayr Veri um 
normally work initially primarily from the pres | 
between organisms (with perhaps some few additional beh pe 
and other differences thrown in); but whereas for Mayr, Tiere 
just seen, these differences are taken to reflect genetical difference 
between organisms, for Simpson, any morphological di ue of 
(between the members of two taxa) is to be taken as in is o cs 
the length of time since the two taxa split apart (i.e. of the «d dax on 
the members of the two taxa could properly be put in a singe stifies 
of the same rank as these two). Thus, for example, Simpson Je 

his use of morphological criteria in classifying by writing that: 


: wo 

This procedure’s consistency with phylogeny depends in the main on t 
well-established and now familiar reciprocal principles: f common 

1. Characters in common tend to be proportional to recency © inversely 
ancestry. The distances between lower taxa in this approach are 1 
proportional to characters in common. 

2. Degrees of divergence tend to be proportional to aet 
Common ancestry. Sizes of gaps thus tend to be directly propor 


^ impson: 
remoteness of common ancestry among surviving lower taxa. (S 
1961, 192) 


s of 


è ays 
These, then, in their barest outlines, are the major pedro 
in which English-speaking evolutionists try to give a J want 
hierarchy an empirical content. For the rest of this chap stemming 
to consider some problems of philosophical importance dering t 
from evolutionary taxonomy. I shall begin by consi erning the 
category of species. Next, I shall look at problems lare whic 
higher categories. Finally, I shall discuss briefly a npe] 
has been made of the formal structure of evolutionary 
namely the Linnaean hierarchy itself. 


1.2 The category of species E T particula? 
In this section I want to look at the category m nih as we hà 
I want to look at the so-called ‘biological species’, ba M "are gro sch 
seen, Mayr defines as being something whose mem vations, i 
of actually or potentially interbreeding natural PoP ace, will Be 5 
* The chief omission from my discussion, a function of qune sp: iscussio p). 
the so-called ‘phylogenetic’ school which is popular in Ae T Hull (19 
the school's views, together with many references, can be fo 
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ate reproductively isolated from other such groups’. At the end of the 
Section I shall try to link up my discussion with Simpson's 
„Evolutionary species’. (Some of the points in this section are treated 
In rather less detail, and some in rather more detail, in Ruse, 1969. 
But see also Hull, 1970b, and Ruse, 1971b.) 
here seems to be common agreement amongst biologists, or at 
least, in the writings of biologists, that there is something rather 
Special about the biological species, or rather, about any group 
Which falls into it. Somehow, groups which are biological species are 
lt in some sense to be ‘real’ in a way that other groups are not felt 
to be. Groups which are higher taxa or groups fitting some other 
Species Concept are thought to be mere fictions. In particular, groups 
oe thought to be real are those made using the so-called ‘morpho- 
logical Species concept’, where this is a concept based on the 
assumption that organisms can be grouped into taxa on the basis of 
Some kind of ‘overall’ morphological similarity and difference. 
°rphological species, according to the concept, are the smallest 
rollections of organisms possessing this kind of overall morpho- 
Ogica] similarity, separated from other organisms by a distinct 
o ological gap, and containing no such internal morphological 
Dep arating the members of the species from each other. mus 
"are men because they have man-like characteristics, and 1 7 
a Párated from cows because there is a morphologie i 
co Veen things having man-like characteristics and things ud 
tax like Characteristics. Almost without exception, is biological 
Sp ?lOmists are adamant in their contention that it is teen 
Unrest alone which are real—morphological species are 
3 i it is 
Where t that the biological species concept app oa rae 
ereas other concepts, particularly the morpholog! 


Pt do not. A great deal of ink has been D peus een 
be 4.55 Problem’, and in order to prepare pai other attempts at 


à Satisfact í st consi 

8 Ctory solution, I shall fir 

T s Problem (see also Mayr, 1957; La Hose for 
stor ja 1963; 1969 ) argues that Silos a s morphological 
Speci? ^*^ in some important sense objective, wherea d I think that 
cies ‘Morphospecies’ for short) are se alg, hemes 
altho yes nomists would agree d every taxonomist 
te ayr i ion to the ee Sus 
Te 9 his OWE rien as "objective and to his rivals REA 
: Ctive’, he is also no exception to the rule e ecd 
the te Prepared to explain to the reader in just w (and from Mayr 

Pom acking any direction from taxonomists 
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in particular) I assume that by ‘objective’ is understood something 
lying outside of ourselves, public, and in some sense, repeatable by 
different people under specified circumstances. By ‘subjective’, I 
assume is understood something internal, private, and not necessarily 
subject to repetition by different people (under specified circum- 
stances). I take the distance between the Earth and the Moon to be 
objective; I take the ‘obscenity’ of ink-blots to be subjective. Others 
might disagree; but, in the absence of correction, I would claim that 
this way of construing the dichotomy accords with common 
practice. I would add that I do not think that ‘total objectivity’ oT 
‘total subjectivity’ are, despite the claims of many taxonomists, ever 
completely achievable (or that indeed such extreme notions make à 
lot of sense). I shall have more to say about this pointlater. —, 

_ Is Mayr correct in his claim that the objective-subjective distino 
tion solves the species problem? I think not. Even if we grant tha 
biospecies are basically objective in the sense construed above, Ww 
by no means obvious to me that morphospecies are not similary 
basically objective. Whether or not it is possible to quantify degre 
of morphological similarity and difference is a question We = 
consider in Chapter 8. However, even though quantification 1s a 
a mark of objectivity, it is by no means a necessary condition 
Sometimes we all just preanalytically recognize things as being oe 
way rather than another. This seems to be the case in the qe 
of morphologically distinguished species. Human beings just ait 
to have the ability to distinguish between groups of organisms 9^ ses 
basis of morphological difference. Cows look like cows; and act 
look like horses. Indeed, even Mayr himself has recognized this P^ 
because he has written that: 


5 es; 
.. . the most primitive native people have names for kinds of birds," m 
flowers, or trees. If only individuals existed, and the diversity °` and 
were continuous, it would be difficult to sort them into EOUP, ity 
distinguish ‘kinds’. Fortunately, at least in the animal world, the a ess 
of nature is discontinuous, consisting in any local fauna of mor? jmitiV€ 
well-defined ‘kinds’ of animals we call species . . - [Moreover], a kinds 
natives in the mountains of New Guinea will distinguish the Sis national 
of organisms as, quite independently, does the specialist in the big 


museums. (Mayr, 1969, 23-4) jant 
In a like manner, the authors of an important recent book W^ Nor 
taxonomy write that *....as has been pointed out OP mong! 
Occasions, there is a very broad measure of agreeme - p s 
Practising taxonomists about the limits of taxonomic T ca the 
well-studied areas . . ^ (Davis and Heywood, 1963, 94—theY tivit 
morphospecies the ‘taxonomic species’). Hence, if by o ntly 2i 
we mean something ‘out there’, recognizable indepe™ 
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different people, then it seems hard to deny that morphospecies can 

be Teasonably objective, or, at least, that a good proportion are. 

Consequently, Mayr's appeal to the objective-subjective dichotomy 
965 not seem to solve the species problem. 

One objection that Mayr might have to this conclusion is that I 
2m using the term *morphospecies' in the above argument in a rather 
broader sense than one which refers just to morphological characters. 

Seem to be arguing that one can ‘objectively’ delimit groups on the 
asis of morphology together with behaviour and any other relevant 
characters, Certainly he could point out that, for example, the New 
anean natives probably use bird-calls to help to distinguish 
different kinds of birds. In a limited way this objection is well-taken; 
although it is clear that even such broadly construed morphospecies 
Would be considered ‘subjective’ by Mayr, so long as their delimita- 
tion was made without respect to genetic relationship. But from now 
on, the reader can interpret my use of the term ‘morphospecies’ in 
à broad sense, although I would point out that usually one must and 

can delimit groups just on morphology in a narrow sense. s 
i Another approach to the species problem is that of Simpson. He 
Uggests that we speak of biospecies as ‘non-arbitrary’ gr Pas 
sp nea Others, including morphologically defined groups, are to be 
Poken of as ‘arbitrary’. Simpson writes: - 
elieve that most of the purely semantic confusion on the present ma 

© avoided if such terms as ‘real’, ‘natural’, or ‘objective’, and opposi 
T Co; i i ic categories or methods 
t qt Tasting terms, are not applied to taxonomic categ Sor TE 

Useg ification, and if the two terms ‘arbitrary’ and ‘non- 

^^ specially defined senses. (Simpson, 1951, 286) 
© continues: f 
Propose to call taxonomic procedures arbitrary when organisms are 


ead 1N Separate groups although the information er ees 
Or al Continuity in respects pertinent to the gation ns DEL uS 
is in eu they are placed in a single group although rie organisms are 
Bro, ated, Conversely, procedure is non-arbitrary W Sar and separa- 
i Uped together on the basis of pertinent, essential conn 1051. 286) 

On the basis of pertinent, essential discontinuity. (Simps ; 1 Puer 
ang 800d many taxonomists have taken up this pong hlospcgieé 
Ove, lithely assume that this gives them a way am sat realize is that 
the , Orphospecies, Unfortunately, what they do n only after one 
hag Of ‘arbitrary’ and ‘non-arbitrary’ can nei r classification. 
One ade one’s choice in favour of a particular pa ; 5 d roordinf 10 
prog, $ decides on whether one wants to CA ‘hen, and only 
then ae criteria or morphological eRe are arbitrary 

ES IO in o 3 : 
9t no arl ime e ome bec one's standards interbreeding 

zi 3 
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and reproductive isolation, then biospecies alone will be non- 
arbitrary groups (as opposed both to higher taxa which include 
biospecies and to taxa formed on morphological grounds). But the 
point at issue is why one should choose reproductive criteria in the 
first place—one might have chosen morphological criteria, in which 
case morphospecies would be the only ones which could be non- 
arbitrary. Hence, again we have no solution to the species problem. 
In any case, there are several reasons showing why, even if one 
adopted Simpson's proposal, the arbitrary-non-arbitrary dichotomy 
does not leave matters entirely unsettled. This is because decisions, 
arbitrary in Simpson's sense, have to be made about the classification 
of organisms, despite a prior decision to use the biospecies concept. 
Asexual organisms are reproductively isolated from everything: 
Hence, any attempt to group them involves arbitrariness (con- 
versely, leaving them ungrouped is not to classify at all). Rings © 
races, encountered in the last chapter, mean that one must be 
arbitrary with respect either to reproductives isolation or inter 
breeding. Most far-reaching of all is the fact that, as soon as one 
starts to consider any kind of time-dimension, one runs into theoreti- 
cal difficulties involving arbitrary decisions. Admittedly, usually the 
paleontologist can delimit his species on breaks in the fossil recor: 
but if claims about evolution are true, there has been continuo 
reproduction back to a few original forms, Since, apart from poly 
ploids, one generation is not reproductively isolated from its pare 
generation, without some arbitrary decisions one has to lump every 
thing together, which again is not to classify. Consequently, e 
given the biospecies concept, one must be arbitrary in Simpson’s sens 3 
It would seem that neither Mayr nor Simpson can give e 
conclusive reasons for preferring the biospecies concept over v 
morphospecies concept. Nevertheless, I think there is à very 80° 
reason why evolutionists do feel as they do about biospecies— 7° 
why they feel uncomfortable with the idea of the morphospe?" 
concept presented in isolation. However, I do not think that We vit 
ie this reason whilst we consider the two species concepts (does 
5 m any theory. Just contemplating a biospecies out of conii think 
>t show the desirability of the biospecies concept, althoush. 4 the 
this is the only approach we have seen offered so far. To elves 
tight answer to the species problem, let us begin by asking or that 
why other scientists—particularly physical scientists—cons! : ereas 


some concepts tell us something significant about reality, pedo 
others do not. Why, for example, does the physicist pick option! 
concept of *work' (defined as force x distance) for specia atte nce 
Why not pick out some concept defined as (force)? x iste Jaws 


: : : 3 to 
The answer, obviously, is that a concept like ‘work’ enters in! 


T 
axonomy I. The evolutionary approach 
I3I 


—thus, for exampl 
listas ple, as Joule showed there is a funda: i 
whereas = C oe te m um and the pen pince 
ively insof aid ce)? x (distance)* does not (except deri m 
Breen ite orce and distance independently enter into la D. 
of which 2 re seems to be slightly more than this to the n 
latex ientific concepts tell us about realit xen 
li hae which is called ‘guelphite’ and that i mie. in = hi 
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fairly clear that it does. Suppose we have a group of organisms which 
has members interbreeding between themselves but isolated repro- 
ductively from all other organisms. These reproductive habits must 
be indicative of the fact that the members of the group share a com- 
mon ‘gene-pool’, whereby this is meant that they possess a funda- 
mental genetic similarity between themselves—a similarity not shared 
by other organisms. (I think this is what is usually meant by the term 
gene-pool'—but the exact normal usage does not affect my point.) If 
these genetic relationships were not the case, then clearly, given that 
individual genotypes are such delicately balanced things, these 
individuals could not form new genotypes with other sharers of the 
gene-pool, nor would they as a group be protected from genetic 
contamination from outside. But, what can we say about such à 
group with a common gene-pool (on the basis of biological theory)? 
One thing that we would expect, given the gene-pool, is that the 
group would share a *pool' of common morphological characters 
(and probably common behavioural characters also). Obviously, dU? 
to such things as balanced polymorphism, not every organism W! 
have every character, but there will be some fairly basic kind © 
morphological similarity. This is, to a great extent, simply because 
Since the genes are the units of function genetic similarity usually 
implies morphological similarity. But in addition, if à character 
proves adaptively advantageous to one or a few sharers of the gen% 
pool, the genes responsible for the character will probably be passe 
on to other sharers (obviously of later generations), who in turn wil 
develop the character. Hence, due to the fact that, despite exceptions: 
most of the characters that an organism has are a direct function ° 
adaptive advantage, we are again led to expect that the sharers 5 D 
common gene-pool will also share in a common ‘morphologic’ 
pool’. Furthermore, ‘also through our knowledge of genetics, ^. 
would expect such a group sharing a common gene-pool to p 2 
morphologically from other groups, since successful new variatio 
(brought about by mutation to new kinds of genes) will SP " 
through the group, and probably such new variation (or inet 
combination of new variations) will be peculiar to the group. O' of 
groups will not have exactly the same kind and combinatio’ he 
mutations, and even if they do have some mutations which at hus 
same they will be subject to different environmental stresses 27 px 
Will probably have different adaptive needs from the first ZrO heir 
consequently, they will spread different variations throug 
groups. with 
But what all of this adds up to is that, given a group d a 
a common gene-pool (i.e. a biospecies), the members will at be a 
shared morphology peculiar to themselves—that is, they W 
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morphospecies. (Mayr himself writes: ‘The reproductive isolation of 
a biological species, the protection of its collective gene-pool against 
Pollution by genes from other species, results in a discontinuity not 
only of the genotype of the species, but also of its morphology and 
Other aspects of the phenotype produced by this genotype. This is 
the fact on which taxonomic practice is based’ (1969, 28).) Does the 
Connection also work the other way, from morphospecies to bio- 
Species (as it must, if Maxwell’s criterion is to be applicable)? I think 
It does, since if we have a morphospecies, we expect there to be some 
Teason behind this, and genetical theory leads us to look for some 
kind of basic genetical similarity and to expect that the members of 
the group will be able to transmit the causes of their common 
Variation between each other (through a number of generations), 
Whilst, at the same time, the members of the group will be protected 
Tom contamination from outside. But this is to say that the theory 
expects some given morphospecies to be a biospecies. Hence, by 
?PPlying Maxwell's criterion for scientific reality, since to say of 
Something that it is a biospecies is also to let us know (by virtue of 
8enetics) that it is a morphospecies (something which is logically 
ough not causally independent) and vice versa, we can now see 
"i biologists think that a biospecies is a ‘real’ grouping, in a way 
at any random grouping is not. 2 ; 
lso, by virtue of Maxwell's criterion, something rather puzzling 
About the morphospecies concept is made clear. Evolutionists strike 
© Outsider (one at least) as being somewhat hypocritical in their 
attitude to the morphospecies concept. On the one hand, it is denied 
‘at mere morphology can lead to a real grouping; but on the other 
and, in 90 per cent of the cases (in 100 per cent of the cases for the 
Paleontologist) when evolutionary taxonomists try to distinguish 
Pecies they have little more than morphology to go on anyway. 
“nee, their practice seems not to live up to their theory. Dae 
OW We can see that evolutionists are certainly right when they deny 
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the ‘real’ basis for the division of guelphite is molecular structure, 
which is the cause of other possible dividing criteria, like melting 
point. Analogously, it might be argued that reproductive criteria are 
more fundamental than morphological criteria because the former 
are the causes of the latter and not vice versa. Remember how Mayr 
writes that, ‘The reproductive isolation of a biological species . - - 
results in a discontinuity of its morphology . . > However, modifying 
this point (whatever truth it might have) is first the fact that the 
point in no way diminishes the importance of the satisfaction of 
Maxwell’s criterion—if reproductive links and isolation do not lead 
to things like morphological similarities and differences, then (as We 
shall see shortly) their importance as methods of division vanish. 
Secondly, it is far from obvious that there is a straight cause an 
effect relationship between reproduction and morphology—in many 
respects, morphology seems just as much a cause of reproductive 
habits as an effect. Certainly animals can be attracted or repelle 
sexually by each other's looks. Thirdly and finally, the whole question 
of which is considered more fundamental for understanding i 
biology—cause or effect—is far from straightforward. This is 4 
question which will be discussed in Chapter 9 and so no more nee : 
be said at this stage. Hence, whilst the causal position of biospec i 
criteria might play some role in biologist's thinking, I doubt if ipo 
overwhelming. " 

Not unexpectedly, there are a number of objections which might 
be made to the solution to the species problem which I have offere t 
Rather than trying to anticipate them all, let me concentrate on W g 
I think will be the major one; but let me do this by answering 
criticism which is often made of the biospecies concept itsel 62) 
typical example of this criticism is that of Ehrlich and Holm (ee 
who argue that the ‘biological-species definition never has » 
operational and never will be’. The trouble is, they claim, 
usually one has to work with morphological criteria, an 
supposedly, one must infer reproductive facts, because it is im jes- 
to tell directly whether most groups are in fact biological SP, 
If groups are separated in time or space, then one cannot te a 
whether or not they are potentially interbreeding. And, edly 
Ehrlich and Holm, even if one brings members of two supp? saw 
potentially interbreeding groups together artificially, then (as weii 
in Chapter 6) one cannot be sure that they will perform as they Y stal- 
in the wild. Hence, since there ‘seems to be an element © v iter- 
gazing in the idea of potential interbreeding’ (since potentia) ogy) 
breeding groups have to be inferred on the basis of morP species 
Ehrlich and Holm feel justified in rejecting the si 
concept. 
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There a ; P 
Holm’s m ges two points at issue here. First, Ehrlich's and 
operational" § assumption that a biological concept must be 
itself. Let us ME the problem with the biospecies concept 
the second pci : these points in turn—as we shall see, in discussing 
problem at reg , a major challenge to my solution to the species 
cy ioo be uncovered. The charge that some facet of biological 
Bists; but in A. eee is one very commonly levelled by biolo- 
operationalis is not a very worrisome criticism. This is because 
be fr ioo at as a prescription for science can easily be shown to 
formulated ^ ringent for any sophisticated scientific activity. As 
concepts in y its founder, Bridgman, operationalism demands that 
involved in A be defined solely in terms of the operations 
ength might E things falling under them. Thus, a ten foot 
to end te m i e defined as the length covered by putting a ruler end 
Safe", wean, To go beyond the operations is, we are told, ‘not 
Where with Bes as many have pointed out, before we can get any- 
judge ‘not s Pe we must make moves the operationalist would 
unless we ss P . For example, if we use a different kind of ruler, 
involved ir e an assumption over and above the operations 

ifferent rul cannot conclude that two objects measured by the 
Scientist; M could in fact have the same length. More generally, 
course of xw be allowed to make inductive generalizations in the 
are ‘not nag work, even though operationally such generalizations 
eing ‘solu "i . Thus, for instance, if a chemist talks ofa substance 
every insta e’, this does not mean that he has actually dissolved 
emand) nos of this substance (as the strict operationalist must 
feels justik " has dissolved some instances, and on the basis of this 
liquid, the in concluding that, given any instance, were it put in 
the fou E would dissolve. The making of generalizations like this 
iscussed ndation of the scientific activity. (Bridgman's thesis is 
Š i with many references, in Hempel, 1954.) 
Mere Pict Hi way we can draw is that, operational or not, the 
o infer bi E evolutionary taxonomists use inductive generalizations 
Se for ological species from morphological species cannot bea 
Criticism. To do so, is to do no more than any other 
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a quite legitimate practice. (See also Hull, 1968, for devastating 
remarks on would-be biological operationalists.) 

Nevertheless, this is not to say that the particular inductive 
generalizations involved, particularly that biospecies correspond to 
morphospecies and vice versa and that hence one can tell which 
groups would interbreed were they brought together, are legitimate 
tools of the scientist. Because of these claims, the critic might attack 
both the practice of evolutionary taxonomists and the solution I have 
offered to the species problem. If the correspondence does not hold, 
then everything falls apart—evolutionists can only rarely tell when 
groups are biospecies, and the nomic equivalence upon which my 
solution to the species problem depends is non-existent. 

Now, it cannot be denied that the correspondence between bio- 
species and morphospecies does not hold exactly. Apart from the 
problem of asexual organisms, which organisms often form groups 
with remarkable morphological similarity between the members, 
there are two kinds of groups which show the correspondence not 
to be exact. The first kind are sibling species, where one has good 
Species qua biospecies concept, but no morphological difference. 
The second kind are polytypic species, where one has groups which 
make good species qua morphospecies concept, but little or no 
reproductive isolation between the groups. These groups clearly make 
Bs Various species concepts a little fuzzy around the edges, or» 25 

Srner (1966) has put it, ‘conceptually inexact’. The laws linking 
the concepts are obviously loose. 

One cannot minimize the difficulties brought by the sibling and 
polytypic Species; nevertheless, there are a couple of points whic 
ae made showing that all is not lost, either for my solution to the 
xine = t or in justification of the practice of evolutionary 
to the E ists. In the first place, specifically in defence of my solution 
pal pecies problem, if what I have written is true, then what W 
should find with such difficult cases (as sibling and polytypic species 
is that evolutionary taxonomists compromise—sometimes dividing 
groups by reproductive criteria and sometimes by morphologic 
Criteria, If What someone like Mayr normally writes were true, then 
the evolutionary taxonomist would always decide in favout of the 
reproductive criteria. However, on at least one occasion. May 
himself has written that ‘where morphological and ecological differ 
ences are not discernible . . . it would seem impractical to separate 
these forms as species in routine taxonomic work’. Conversely’ 
he argued that ‘to combine all morphological species that freely 
hybridize in zones of contact also leads to absurdity’ (Mayr, 19 h 
376). Hence, even these difficult cases support my position, althov£ 
they do show that the reality of species is not always entirely clean-?"" 
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E dame point to be made is that, from a practical viewpoint, 
Bornhielne, a and polytypic species make the inference from 
mee "ind reproduction hazardous, evolutionary taxonomists 
Bf species = some recourses when faced with such difficult kinds 
invariably ; or a Start, morphological definitions today almost 
ire de an what Wittgenstein called the idea of 'family 
many duci A particular. morphospecies definition will include 
Sern: oe all of which are possessed by some members of 
member P, but none of which are possessed by all members—each 
definition having some of these characters. Thus, by such 
tionists i which evolutionists call ‘polythetic’ definitions, evolu- 
gical di 7 acknowledge and cope with the great internal morpho- 
Which ne ersity shown by many (interbreeding) groups—groups 
RR a iess are still quite morphologically (as well as 
knowled ipe y) separated from other groups. Secondly, by using their 
invoke a te se particular kinds of organisms, evolutionists can 
existence wr inductive generalizations in order to infer the 
ere polyt lospecies in those parts of the animal and plant world 
Polytypic * ypic and sibling species are common. For example, 
Would mi are common amongst birds, and so evolutionists 
bird bios ably expect more internal morphological diversity of 
(and ii ig than they would of biospecies from most other areas 
Sibling ş umably, they would adjust their theorizing accordingly). 
toron are common in the insect world, and so, evolutionary 
between redi would probably expect less of a morphological gap 
Teply to ig reproductively isolated insect groups. Thirdly, to the 
their me € criticism that the whole point of sibling species is that 
© note oer exhibit no morphological difference at all, it should 
Sibling n at Mayr (1963) argues that so far there is no case of two 
they pines not showing some morphological differences when 
ere is een studied extensively. 
Conce: 1 one final point that I want to make about the biospecies 
Stential ; Suspect that a lot of the worry about the notion of 
Tedy ante oreeding’ is, apart from the fact that it is misplaced, 
ey talk ; As we have seen, when biologists introduce the concept 
ike ieoa only of reproductive criteria but also use metaphors 
Sügpest is cw ol’ and ‘corporate genotype’. Now what I have tried to 
Pool is to at to talk of a group sharing or having a common gene- 
Milarity Say that the members share a fundamental genetic 
Organig > NOt possessed by other organisms. In other words, 
In the ms with a common gene-pool form a kind of morphospecies 
tj, * Penetic world. But, i gene-p ea. 
sa tehtadurtic: ut, if this is so, then although biologists usually 
me breath uctive habits and the possession of a gene-pool in the 
» a biospecies defined in terms of reproductive criteria 
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and a biospecies defined in terms of a gene-pool are not quite the 
same thing. The one definition is about the having or failing to have 
viable offspring, and the other is about the, connected but distinct, 
genetic nature of organisms. (Mayr seems to recognize this when he 
says that ‘the reproductive isolation of a biological species . . - 
results in a discontinuity . . . of the genotype of the species . . <.) 
But, if we do have these two definitions, by adopting the one in 
terms of gene-pools, that is in terms of genetic similarities and 
differences, not only can Maxwell’s criterion still be satisfied, but 
since every organism has a genotype, even spatially separate 
organisms can be compared with an eye to the biospecies concept 
without any reference to ‘potentiality’. (This is not to deny that 
genotypes must frequently be inferred or that they could be lost 
entirely in fossilized organisms. But they would exist or have existed, 
whereas this is not so and never has been so in the case of reproduc- 
tion between isolated groups of organisms.) Of course, this suggestion 
of mine does depend on a decision to construe ‘gene-pool’ in the 
way that I have just done; but I do not think this to be implausible 
given Mayr’s Stated intention to classify by genetic criteria. In any 
case, however one uses the term ‘gene-pool’ the fundamental genetic 
similarities remain, and these could be the basis of a species concept, 
whether or not this would be acknowledged as the bio-species concept. 

This concludes what I have to say directly about the much debated 
biological species concept. In order to end this section, let me briefly 
link up the biospecies with Simpson’s evolutionary species. Simpson 
sees the major difference between a biospecies and his evolutionary 
species—a lineage (an ancestral-descendant sequence of populations 
evolving separately from others and with its own unitary evolutionary 
role and tendencies—in that only the latter really has à time- 
dimension. A biospecies is, as it were, a temporal cross-section of 27 
evolutionary species. Now, it is certainly true that the evolutionary 
species definition pays more attention to time rather than the bio- 
species definition, although I am not at all sure that a biospecies 1$ 
totally without any time-dimension. Apart from anything else, even 
to talk of ‘interbreeding’ seems to make implicit reference tO © 
time for one or two generations, and the same holds for 'reproductiV? 
isolation’ (although perhaps the same is not true of talk of a 80^ 
pool’). (See Cain, 1954, for a discussion of this point.) However 
there is, I think, a bigger difference between a biospecies an G a 
evolutionary species than Simpson recognizes. The definition of 
biospecies (and also the definition of a morphospecies) seems ay 
make no reference to any particular time, place, or thing. 1° 7 af 
that an organism is a member of biospecies x is to say something © 
its ability to form reproductive links with the members ° 
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Similarly, to say that an organism is a member of morphospecies y 
I$ to say Something about morphology. Both species x and y could 
admit as members, organisms from outer-space, from Earth's 
Prehistory, and organisms made by man. One does not even have to 
believe in evolution to hold x and y, and Mayr in fact points out that 
Pre-Darwinians did actually delimit groups using a form of the 
lospecies concept. However, given an evolutionary species z which 
evolved here on Earth, it does seem to me that we have a reference 
to the Earth, and to a particular place and time. I do not see how an 
organism could be a member of z, unless it were actually born of 
qnother member of z here on Earth at the time and place where z 
Surished (or flourishes). If we allow outside organisms, then we no 
onger have an ancestral-descendant sequence of populations—they 
àre not evolving separately from others, and they certainly do not 
ave their own unitary role—the outside organism is not a descend- 
ant, if it evolved at all its evolution was separate, and its role was 


ay at one with the members of z. (Of course, one might have m 
imag terrestrial evolutionary species—but then, it would make 
pli 


cit reference to the place where it evolved.) ; 
es © way in which the definition of an evolutionary species makes 
ential reference to events in the Earth’s history would seem to 
rid Implications for the question of whether or not biologica 
zeep ts have some kind of historical element (in a way that physica! 
cories and concepts do not). As promised, I shall have something 
10 ‘ay about the historical nature of biological concepts in eee 
Sim cre, I want merely to point out that even if one ue to ya 

tugs Concept of an evolutionary species, none o wd : 
ons in earlier chapters of this book would be affected. In 
Parti ular, my claim that evolutionary theory makes no neirens - 
Icular times, places, or things is unaffected. I do not thin = 
best, OLY itself makes any reference to any particular e 
Price get references to particular kinds of species (as in ereman A 
app, PI). oreover, there is nothing in the theory whic L Aaa 
the Eaton to Simpsonian evolutionary species on planets other : i 
logic arth, There might not be any such species, and, if there m : da 
Woujg > Possible that the theory might not hold for them; at is 
Song Ot alter the fact that the theory as we have it now makes no 
tal Teference to the Earth and its history. Hence, my earlier 
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"reap e thinks that there are any other groups existing in nature as 
Species; but an attempt must still be made at dividing 
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organisms into higher taxa. As we have seen, a geneticist like Mayr 
believes that the proper basis for such division is genetic resemblance 
and difference. In this section I shall consider this proposal. I start 
with a theoretical objection to the proposal, and then I go on to 
consider an objection based on the supposed impracticality of the 
proposal. 

A critic of the whole theoretical notion of a classification based on 
genes is, again, Ehrlich, who writes that: 


. . . it has proven very difficult to develop a clear idea of what is meant by 
genetic differences. Ignoring non-nuclear inheritance, we are still faced 
with the question of how genomic similarity and difference would oe 
evaluated .... Is there some absolute criterion of genetic resemblance ' 
If such a criterion can be found . . . then will the most useful classifications 
be based on genetic resemblance? (Ehrlich, 1964, 114) 


Ehrlich himself argues that we can make no sense of genetic 
similarity and difference, and basically his argument revolves aroun 
the fact that, in some cases, the actual genes possessed by two 
organisms (or groups of organisms) are quite different, but the 
morphological characters are quite similar (e.g. as in the case © 
sibling species). Are we to say that such organisms resemble each 
other genetically, or not? Obviously, in one sense they do (since the 
genes work in the same way), but in another sense they do not oe 
the actual genes are different). Conversely, Ehrlich argues es 
Sometimes we have organisms whose genes work quite different y 
(leading to gross morphological differences), but where the actua 
(structural) genetic difference involved is quite slight. His conclusio 
is that in real-life, where we get extremely complex situa at 
difficulties like these make the whole notion of genetic similarity k 
difference quite worthless. al 

My particular feeling about this criticism is part of my gne 
feeling about most of the criticisms of evolutionary taxonomy 
There is certainly merit in what Ehrlich claims; but it is doubi 
whether his criticism is anything like as far-reaching as he h is 
seems to think (indeed, if the notion of ‘genetic resemblance 
entirely vacuous, then I fail to see how Ehrlich could claim 
value of a taxonomy based on it would not be that great)- I ome 
as Ehrlich is directing his attention against the possibility of it) 
overall, absolute, unequivocal scale of genetic difference (or similar 
his objection is well taken. Obviously there would be something s as 
strange about quantifying the genetic differences between y ple 
opposed to the genetic differences between man. How, for rene 
could one hope to come to a decision about which were t i ities 
alike—organisms with complex gene systems with more simia 
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and with more differences, or organisms with less complex systems 
With less similarities but also with less differences? On the other 
hand, it is doubtful whether anyone, even an evolutionary taxon- 
Omist, has ever claimed that there could be such an absolute scale 
of genetic resemblance, nor has anyone ever tried to frame taxonomic 
Systems which depend on such a scale. Although their work is part 
9f an overall whole, evolutionists usually restrict their work to 
Tather limited branches of the organic world (e.g. mammals), and 
Concentrate on trying to work out relative differences between the 
members of these groups. Because of this restriction usually they 
‘nsist that one should not try to judge the size of gaps used in one 
(E^ by the size of gaps considered necessary in another area. For 
'S reason, the interest of evolutionary taxonomists in genetic 
8 Semblances and differences tends to be restricted to the re- 
emblances and differences existing between limited groups. . 
Ow, whether or not there exists such a thing as ‘genetic 
i Mblance’ in this more limited sense seems to me to be a very 
o Srent question from that of the existence of an overall criterion 
genetic resemblance. If we are dealing with organisms of roughly 
parable genetic complexity—types of primate for example—then 
de Not have the incredible gap that we have between something 
ruses and men. Moreover, whilst one would certainly not want 
o, imize the sorts of problems to which Ehrlich draws attention, 
Teflecrt Organisms a big change in the structure of the genotype 
Phen; 2d 1n a change in the phenotype (and vice versa) an A he 
teng we 1c changes brought about by alterations in one genot ype 
With 5» ave corresponding changes in the phenotypes o e pie 
takes omparable alterations in their genotypes. Hence, wheth a 
Boin TD Structure or function as being the more enc. 
To & to come to a fairly similar estimation of genetic resemb'ance. 
ake a somewhat extreme example, the members of species of 


ros 7 H » M 
cac Phila have genotypes which are more similar structurally to 


ap ther than they are to men's genotypes, and exactly the same 
When we consider the function of genes rather than their 
his is not to deny, as I have just pointed out, that it 
Sbecige Cê fool's errand to attempt to quantify differences between 
Thus 5 f Drosophila and species of primate all on the same scale.) 
Suspect à case like this, Ehrlich's fears are unfounded. Frankly, l 
stan that most cases are much more like this than the sorts o 
res Ehrlich mentioned, and hence it would seem a pity to throw 
Caseg, © unproblematic cases because of a number of difficult 
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Co; 


9 n 
“an be er, even in these more difficult cases, I think some progress 
Made towards an understanding of ‘genetic resemblance’. 
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Why, after all, should one not distinguish between genetic resem- 
blance gua function and genetic resemblance qua structure? 
Explicitly noting that we are understanding resemblance in one of 
these two senses, some attempt can clearly be made to group 
organisms genetically. If, for example, two organisms have the same 
genes but for one or two exceptions, we can speak of them being 
genetically similar (qua structure). This holds even if these few 
exceptions cause major morphological or behavioural differences. 
For example, one gene might change the ability of an organism to 
digest a certain kind of food—this could lead to quite changed 
behaviour given the availability or non-availability of alternative 
foods. Yet it would be strange to say that a great genetic difference 
(qua structure) was involved. On the other hand, two organisms 
might share the same food; but if the number, kind, and order of 
their genes differed a lot, it would seem proper to talk of the organ- 
isms as being genetically different (qua structure). In other words, 
what I would suggest is that in a limited way one can make some sense 
of the concept of genetic difference and resemblance. . 

This conclusion I have drawn is not to deny that the points 
Ehrlich makes must be recognized (and, where possible, answered) bY 
those who would use such a notion. How greatly, for example, do 
we rate a difference which leads to reproductive barriers (eve? 
though the morphological difference may be slight) against à 
difference which leads to great morphological differences us 
perhaps, no genetic barriers)? Do we allow genetic differences t be 
a function of the internal structure of the genes, or do we concern 
ourselves only with the products of the genes? What weight do we 
put on the order of the genes, as opposed to their kind ? Nevertheless 
despite these questions which have to be answered, given the fac 
that some rough sense can be made of the notion of genetic similarity 
and difference, and given also the fact that most cases do not seem 
to present the kinds of difficulties Ehrlich highlights (since; 1 m 3» 
cases, similarities and differences in genetic structure and functio 
coincide), I would suggest that a foundation for classification i 
Mayr's, that is, one based on genes, should not be completely T" e 
out on theoretical grounds. see 

Now, let us turn and look at a practical objection which might ho 
levelled against a classification based on genes (although those W ry 
make it do not draw too nice a distinction between evolution’ 
taxonomists, and thus would think it also holds against anyone ue 
would classify on the basis of phylogeny). Obviously, if one 1$ d 
to classify according to either the genetic backgroun o logy 
phylogenetic history of organisms, one must start with morpho or. 
(in the broad sense understood earlier), and what one W! 
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Consider certain morphological characters possessed by organisms 
to be of greater taxonomic importance than others. One is going to 
feel that some characters give one a great deal of information about 
the genetics or history of organisms, and that other characters do 
Not give one so much information. Consequently, in classifying 
Organisms, one is going to give certain characters greater ‘weight’ 
than other characters. . . 
Nearly all the critics of evolutionary taxonomy object to this 
Process of weighting, and they argue that it is unwarranted, 
arbitrary, and even that it involves circular arguments. The following 
Passage by leading advocates of phenetic taxonomy, Sokal and 


Sneath (1963), is typical of the kind of objection which is raised. They 
Tite: 


m &y be advantageous at this stage to outline an important logical 
ac 


Circ y underlying current taxonomic procedure. It is the self reinforcing 
a War arguments used to establish categories, which on ae 
ang cation invest the latter with the appearance of possessing objec im 
o definable reality. This type of reasoning 1s, of course, not b rem eg 
thi: axonomy—but it is no less fallacious on that account. Let us illustra 
;$ Point, An investigator is faced with a group of similar species. He 
ore to show relationships among the members of the group a? 
xc] ing for characters which will subdivide it into several ae X 
CE Ive taxa. A search for characters reveals that within a subgro ee 
ma an characters appear constant, while varying in an NDS 
Aner in Other subgroups. Hence, a taxon A is described and defined on 
m asis of this character complex, say X. It is assumed that Eye 
kno," OPhyletic or a ‘natural’ taxon. Thus every member of des 
Poss, n and unknown forms) is expected to possess X; conv A 
ession of the character complex X defines A. E 
ET q enceforth group A, as defined by X, assumes à degree of leere 
stanly quite out of keeping with the tentative puta w 
their ‘shed. Subsequently studied species are compared with A y. pee 
Dos, ‘Affinities; they may be within A, close to it, or far from it. oe A 
itwa e that a species not showing X would be excluded from A, alt pie 
othe S closer overall to some of the members of A than some bi A = : 
an © lt may be said that such problems would arise only w = se 
Howe, cial’ group erected on the basis of ‘unsuitable’ cl ae 
Saps us except in long-established taxa or those ymo ue very wide 
Out „TOM their closest relatives, the effect of the last classi cat - — 
Teaso, ith a limited number of characters is quite pervasive. ^ e a m 
va ning arises from the fact that new characters, instea E he 
Stectio *d on their own merits, are inevitably prejudiced im pr = 
nor, n of taxon A based on other characters (X). Sud a pr j a e 
Stoy, 5 the fact that the existence of A as a natural (or 'monop pn i 
Strato "fined by character complex X has been assumed but not demon- 


* (Sokal and Sneath, 1963, 6-7) 


144 The Philosophy of Biology 


As Hull (1967) has pointed out, if this passage does fairly describe 
the practices of evolutionary taxonomists, then their sin is not so 
much circularity as inconsistency. Supposedly, evolutionists consider 
widespread morphological similarities to be indicative of important 
relationships (and thus they justify the taking of character X 
seriously), and then, supposedly, they turn round and deny that 
widespread morphological similarities are indicative of important 
relationships (and thus they refuse to take seriously any widespread 
similarities which conflict with a classification based on X). Clearly, 
Sokal and Sneath cannot have their cake and eat it. If evolutionary 
taxonomic practice is circular, then it cannot be inconsistent, which 
latter is just what the above-described practice is. On the other hand, 
if the practice is inconsistent, then it cannot be circular. 

Of course, none of this is to deny that, circular or inconsisten! 
the above passage does truly describe evolutionary taxonomic 
practice, then there is something very seriously amiss with it. 
Classification is being applied almost entirely from above, without 
any regard for the real (evolutionary) nature of organisms. The 
question we must consider, therefore, is whether or not Sokal an 
Sneath are justified in condemning a system of classification which 
uses weighting. The answer, I think, is very similar to our earlier 
answers. No doubt, some classifications have risen little above the 
level of classification described by Sokal and Sneath above. However, 
having due regard for the purposes and aims of evolutionary 
taxonomy—to classify in the light of phylogenetic history OF genetic 
background—justification can be found for the practice of weighting, 
that is, the practice of considering certain characters to be of greater 
value than others in the search for significant evolutionary relation- 
ships. To deny this is to deny evolutionists the virtues of inductive 
logic—virtues which, as we have seen, are open to other scientists. 
Nevertheless, even though weighting is not ruled out a priori, it wi 
be seen that it still brings great difficulties—difficulties which the 
evolutionary taxonomist must try to overcome. t 

To justify my assessment of Sokal and Sneath's argumen 


an S look first at what Mayr writes in defence of weighting: He 
writes: 


t, if 


The scientific basis of a posteriori weighting is not entirely clear, bs 
difference in weight somehow results from the complexity of the x 
ship between genotype and phenotype. Characters which appear to P ea 
product of a major and deeply integrated portion of the genotyp d ho o 
high information content concerning other characters (which are thet 
products of this genotype) and are thus taxonomically important. ce 
kinds of characters, . . . as well as superficial similarities, convert en he 
and narrow adaptations, have low information contents concerning 
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Temainder of the i 
T the genotype and are thus of low value in th i 
of a classification. (Mayr, 1969, 218) Tai oo 


ipsnm of characters does Mayr believe to be of high weight, 
Weight? Tach 2 n kinds of characters does he believe to be of low 
Siaracters ‘ude in those of high weight Mayr mentions complex 
Which do b Lc y possessed derived characters, and characters 
thoice of the serve a specific, ad hoc adaptation. He justifies the 
ess likely it LE follows. First, the more complex a character, the 
Chance or in hat two organisms having such a character have it by 
Character A different gene complexes could produce such a 
and are alas E organisms probably have the same gene complexes 
le. ch irs yr elated. Secondly, jointly possessed derived characters 
Wo grou qs which are the same but which have been acquired by 
complexes boii wo wey point to the fact that the different gene 
ecause Aa reacting to environmental stresses in the same way. 
Organisms veni different responses are open In the face of stress, 
ally similar ould be unlikely to do this unless they were fundament- 
Specific q d genetically. Finally, characters which do not serve à 
changes in m adaptation are not brought about by relatively rapid 
involve littl s face of stress (that is, changes which are likely to 
Ndicatio € genetic change), ‘but are merely, so to speak, an 
220), he. of an underlying basic genetic similarity’ (Mayr, 1969, 
Teason ne seems to be that if there is no real (i.e. adaptive) 
Decause ar characters should be the same, the chances are that it is 
clude ch genetic similarity. Characters Mayr puts at low weight 
Character, aracters which vary a great deal amongst organisms, 
like : d Which are regressive (i.e. characters which involve loss, 
Which hera of teeth), and monogenic characters (i.e. characters 
for so ch Olve the change of only one gene). Mayr justifies his reason 
1hoice whee them in a way very similar to his justification of the 
tke albini igh weight characters. For example, monogenic characters 
Mvolyg un are obviously of low weight, because by definition they 

ine Be a amounts of genetic change. 
th mediate] i order to evaluate Mayr's proposals let us note 
qm Sener; at in appealing to a few known cases and applying 
thee Cters g y to support the giving of high weight to certain 
Nay an is low weight to other characters, Mayr is doing no 
ob alization, scientist must do, that is, he is relying on inductive 
ge ction to bes Moreover, let us also note that there can be no 
sa etes, ^ is appealing for support to certain known facts about 
ine, bir, 8, o S, for example, if one were classifying certain organisms, 
Mbers , ne might decide to group members of species a with 
Species in genus b rather than with members of species 
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in genus c. One’s reasons for so doing might include the fact that 
major differences between members of a and members of b involve 
colour, which past (bird) experience might have shown to be 
controlled normally by but a few genes, whereas major differences 
between members of a and members of c involve beak-shape which 
past (bird) experience might have shown to be a function normally 
of a very complex gene system. In such a case, because of one's past 
experience one would be giving greater weight to beaks and their 
changes in shape than to colour and its changes, and this certainly 
seems legitimate given the geneticist’s aims. Hence, as in the case of 
the previous criticisms against evolutionary taxonomy, it would 
seem that a blanket condemnation of the practice of weighting 1s 
unmerited. One does not have to do a complete study on the genetic 
features of every organism in order to do a genetic classification; 
one can rather, apply the results which have been found to hold for 
a few. On the other hand, it should be noted that the practice © 

weighting is not always that straightforward. For a start, even if we 
admit the legitimacy of weighting, it is sometimes difficult to put it 
into practice. For example, one may be prepared to grant that the 
Joint possession of derived characters is something which deserves 
high weight—however, one has first to decide which characters aT? 
really jointly derived and which are merely ancestral traits which 
have not yet been lost in either group. In the absence of à foss! 

record, to make a decision like this is, to say the least, not easy: 
Secondly, even if one can decide which characters deserve to be 
weighted highly and which do not, one has still got the problem © 

deciding how highly one should weight the various characters- For 
instance, does a complex structure rate more highly than a characte 

that does not serve a specific ad hoc adaptation? As can be imagine" 
the phenetic taxonomists have seized upon this point, and, consider" 
ing it insoluble, use it as an argument against evolutionary taxonomy: 
For example, Sokal and Sneath write: 


If we admit differential weighting, we must give exact rules for estin 
it. We must know whether the weight to be given to the possession, 
feathers is twice or twenty or two hundred times that given to possessio" 
of claws, and why. We do not know of any method for estimating pe 
and even if such a method were to be developed we doubt if # 
systematist would have the patience to use it because of the hundrec? 
Characters he would need. (Sokal and Sneath, 1963, 119) bt 
__ The pheneticists certainly have a good point here; but I dou 2 
if the picture is quite as bad as Sokal and Sneath paint 1 em 
the first place, by a system of trial and error, it would mer 
that evolutionary taxonomists could come to some rough JU, 
ments about the relative importance of different characters a 


estimating 
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Combinations of characters. Admittedly, evolutionists do not 
Normally try to quantify the different weights of different characters; 
ut there seems to be no theoretical bar to their trying to do so. 
Oreover, pheneticists can hardly object to the very attempt to 
assign numerical values to different characters, because, as we shall 
See shortly, this is just what they try to do themselves. Secondly, 
okal and Sneath’s dig about a systematist’s not having the patience 
9 use such a method of quantifying weighted character differences 
Seems a little unfair. A priori, there seems neither reason why the 
evolutionist should need more characters than the pheneticist, nor 
reason why the evolutionist should have less patience than the 
Pheneticist, Of course, none of this is to deny that any method of 
Weighting, even one which sets up formal rules for assigning 
numerica] values to different characters, would probably still leave 
î great deal of freedom to the individual classifier. However, as we 
Ru Sce immediately, this subjective aspect of pe ag 
e Onomy is not necessarily so dreadful a thing as the icol 
alg tionary taxonomy suppose. Consequently, I would suggest tha! 
int ugh the geneticists’ approach to the classification of i 
in 9 taxa higher than species is certainly not without obstacles, n 
Surmountable difficulties have yet been shown by its critics. 


The ger tealogist’s approach to taxa of higher categories 
„ave seen that Mayr claims that the evolutionists’ use of the ^ 
stp es Concept is made for the sake of ‘objectivity’. pe pee 
Vari, Temains true that the most common criticism of al dis 
dig ts of evolutionary taxonomy is that it is a oan a 
situat, t taxonomists come up with different classi ca T m 

tio fon Which, the critics tell us, is quite untenable since 'c z : 
~ Must be freed from the inevitable individual biases = E 
Altho tional practitioner of taxonomy’ (Sokal and Sneath, s 
tions "8h this criticism is made against all evolutionary c eed 
Classic becomes particularly strident in the case of the genea og ae 
by s; “ation of organisms into higher taxa, the approach ee 
Probe Pson: I shall, therefore, start this section by lopking a jo 
Unde hd Subjectivity in evolutionary taxonomy, W. er LE: 
thoi, 29d as being the problem of what stems from the freedom. : 
The, evolutionary taxonomy leaves for the individual pe er à 
Pract Shall consider an objection directed specifically against the 
Th "T Possibility of giving a genealogical classification. : 
higher’ * evolutionary classification of organisms into the taxa of 
decisi, Categories does leave a great deal of room for the oe 
3 gre ws of the individual taxonomist (i.e. decisions which ca. or 
Mer or less element of personal selectivity by the taxonomist 


Nven 
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himself) cannot be denied. This is particularly true of the genealogist’s 
classification. Consider his rule to separate taxa from other taxa (of 
the same rank) by a ‘decided gap'—not only must he himself decide 
on how big a gap a ‘decided gap’ must be, but also he must decide 
on whether or not great emphasis is to be put on the need to classify 
contemporaneous organisms together, or whether classification 1S 
always to be done ‘vertically’, that is, by putting together descendants 
and ancestors in the same taxon. For example, given the phylogeny 
in Figure 7.2 of the five species A—E, either of the two divisions into 
genera could be acceptable to the genealogist, and he must himself 
decide between them. 


A 


(Dotted lines show the boundaries of genera) 


Figure 7.2 
Of course, evolutionary taxonomists are not unaware of this kind 
of subjective nature of their classifications. As we saw, Simpson e 
at pains to stress that evolutionary taxonomies aim only to ue 
consistent with phylogenies—they do not aim to be udi 
reflections. Moreover, Simpson constantly talks of taxonomy be 
as much an ‘art’ as a ‘science’. He writes: 


t 
Taxonomy is a science, but its application to classification involves ^ en 
deal of human contrivance and ingenuity, in short, of art. In this an that 
is leeway for personal taste, even foibles, but there are also canos eful 
help to make some classifications better, more meaningful, more 
than others. (Simpson, 1961, 107) 

ether Es 


The question which needs answering, therefore, is W ‘arly € 


great freedom that the evolutionary taxonomist (particu 
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genealogist) has in making his classifications means that (as the 
critics claim) his finished results must necessarily be of low value. 
Is it the case that because evolutionary taxonomy lacks high objec- 
tivity and repeatability (and hence we can and do get alternative 
classifications from the same material), it is therefore something 
Which should be replaced at the first possible instance? There are at 
on three points which show that, despite the great freedom it gives 
i5 the individual classifier, evolutionary taxonomy may still have 
ome worth. In the first place, one must be wary of demanding too 
E à degree of objectivity or repeatability of any science. To 
Cont emn evolutionary taxonomy solely on the ground that it 
at ains subjective elements is too hasty, because as we shall see 
id the same can also be said of evolutionary taxonomy's rival, 
qp etie taxonomy. Indeed, as I have suggested earlier, the totally 
eoue science of any kind—the science which eliminates all trace 
responsibility of the scientist and which could not have been other 
Ben" it is—is a chimera. All sciences involve the paying of 
em to certain facets of experience and the ignoring of other 
and ou they involve the need to idealize certain things in one way, 
the sci er things in other ways. They require, in short, the decision of 
i to do one thing, when he might legitimately have done 
Rahat else. If nothing else, the scientist nearly always chooses 
is clea, Piest hypothesis which can explain the facts, and this decision 
Somethi-. Subjective’ in the sense that it rests on more than just 
that e Ing given, ‘out there’. Of course, this does not hide the fact 
e sche tutionary taxonomy might make many more demands on 
e PE S personal judgment than most sciences; but to condemn 
it allow nary taxonomy just because it is subjective in places (in that 
it is Bob alternative classifications) is akin to condemning it because 
Operati Operational (indeed, the mistake is probably the same, since 
“Obje; ‘onalism invariably fights the Holy War under the banner of 
Ctivity’), 
higher second point to be made in defence of the classification (of 
the yg axa) produced by evolutionary taxonomists 1S that, despite 
there hn in the rules they offer as articulations of their practices, 
hoy, 4,958 Seem to be surprising agreement amongst evolutionists on 
Whether Se rules ought to be applied (in particular, agreement on 
We Shall 4 not certain applications of these rules are good ones). 
oo discuss shortly difficulties associated with the practical 
brieg e of _the evolutionists’ (particularly the genealogists’) 
Note he 9r classification at levels higher than the species; but let us 
Sven? that ‘decided gaps’ do seem to be very common in nature, 
Neanin ©ugh evolutionists have difficulty explicating the exact 
8 Of ‘decided gap’. Thus, one should not let the language of 
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evolutionists seduce one into thinking that their discipline gives 
taxonomists more freedom than it really does. 

Thirdly and finally, let us note that the freedom given to the 
evolutionary taxonomist is not necessarily a bad thing. As Simpson 
hints in the last quotation, different evolutionary taxonomists might 
be interested in stressing different things. The neontologist, for 
example, will be concerned primarily to show similarities and 
differences between living organisms. The paleontologist, on the 
other hand, has more interest in expressing relationships between 
organisms from different times. As things stand, both kinds of 
biologist have been left to pursue their own particular interests, an 
to provide their alternative classifications. No one (evolutionary) 
way of classifying is absolutely right, no one way is absolutely wrong 
—tather, each is useful in its own way. Hence, as I have just 
suggested, the subjectivity at the heart of evolutionary taxonomy— 
the freedom it gives to the taxonomist—has virtues, even if it has 
problems. 

I come now to the final empirical question I shall raise about 
evolutionary taxonomy. If, like Simpson, one would classify in 4 
genealogical way, then one must pay attention to the phylogenies © 
organisms. Several writers have objected to any rule of classification 
which presupposes some knowledge of phylogeny, the followin’ 
criticism by Sokal and Sneath being typical: 


The difficulty with the use of i ach in systematics 
emerged after the first wave of Maen ies subsided and has 
remained apparent to perceptive observers ever since. We cannot make use 
of phylogeny for classification, since in the vast majority of cases phy ylogenies 
are unknown. (Sokal and Sneath, 1963, 21; their italics) 

The criticism is similar in many respects to the criticism by Ehrlich 
and Holm of the biological species definition—it is similar also } 
that it has the strength and the weakness of the Ehrlich and Ho 5 
criticism. It will be remembered that Ehrlich and Holm objected we 
to the use of inductive generalizations. In this criticism above, = on 
and Sneath seem to have a similar objection, and for this apes 
should be similarly faulted. Sokal and Sneath object that if we pee 
know a particular phylogeny, then we cannot use it for classifica" $ 
but they give no reason why, in principle, one should not argue ius 
known phylogenies to unknown phylogenies. This, of course, i i 
what someone like Simpson would want to do when he employs A 
assumptions that the number of characters in common tend rsely> 
Proportional to recency of common ancestry, and ad o 
degrees of divergence tend to be proportional to remotene * 
common ancestry. He is arguing from known phylogenies 
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these propositions hold true, to unknown phylogenies where he 
thinks they hold true. The very act of using generalizations like these 
I5 no more to be condemned in the evolutionary taxonomist than it 
55 1n the physicist or chemist. 


Ton particularly rapidly or slowly, he might legitimately argue 


f . H 
pu Phylogenetic evidence that a type of adaptation in mammals can 


h adaptations in an environment known recently to have 
d in the relevant respects. Even though the phylogeny of this 
T group might not be known, it seems (other things being 
gitimate for the taxonomist to infer that the evolution of the 

tio “tions in this group was rapid, and for him to use such informa- 
is classifications. And he could properly say that his classi- 
of this group were reflections of phylogenies—even though 
ven i direct information he had was morphology (and casei 
he wa ugh it was only morphology which led him to suppose tha 
of mo dealing with mammals in the first place). Hence, as in the case 
Some pe Criticisms levelled against evolutionary taxonomy, there is 
* truth in the critics’ claims, but not so much as the critics think. 


Cation: 
the oni 


15 
So ^w "6885 paradox 

the g A thig chapter, my sole concern has been with the nature of 
lassige cal content evolutionary taxonomists try to put nio their 
Wains pons, I want now to turn to a criticism directed more 
shall ae actual structure of the Linnaean system—although, as us 
"relevant the empirical content of the system is not entirely 


. t z é 3 À . : A 
Sq pn Which one sometimes finds in evolutionary classifications 
"9! ypic taxon. This is a taxon which includes only one taxon 
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from the next lower level. The best known case of monotypic 
classification involves the aardvarks, whose order Tubulidentata 
includes only one species, so that the order Tubulidentata, family 
Orycteropodidae and genus Orycteropus are all monotypic, contain- 
ing just the same members as the species Orycteropus afer. Evolu- 
tionists use monotypic taxa so that they can show that things 
like the aardvarks are, from an evolutionary viewpoint, very far 
removed from all other living organisms. However, a number of set 
theoreticians, starting with Gregg (1954), have objected that mono- 
typic taxa violate one of the major axioms of set theory, namely the 
axiom of extensionality. This states that classes having the same 
members are the same class. But, evolutionists most assuredly do 
not want to claim that the order Tubulindentata and species 
Orycteropus afer are the same class, even though they contain the 
same members. One is a taxon of the category order and the other a 
taxon of the category species, and basic to the Linnaean system is the 
premise that one taxon cannot belong to two categories (an 
Similarly, one organism cannot belong to two taxa of the same 
category). Thus we have an impasse known as *Gregg's paradox’. 
There seem to be two ways out of the paradox. Either one makes 
taxonomy fit set theory, or one makes set theory fit taxonomy. 
Several people have tried taking the first course. Sklar (1964 
suggests that each Linnaean taxon be replaced by a class containing 
all of the organisms of the taxon plus a number of the members © 
an arbitrarily chosen set of objects a,..., an (the a’s are not to 
be organisms), Each new taxon of rank i will contain 4» ^ 
a. Hence, in each case where we have a Linnaean taxon (of rank A 
included in a Linnaean taxon (of rank i + 1), we have a similar 
relationship for the new taxa. However, no new taxon of rank 7 cap 
contain the same members as the taxon of rank i + 1, because tue 
taxon of rank i + 1 will contain a; + ,, whereas the taxon of ran 
will not. Hence the difficulty over monotypic classification 8085- n 
The trouble with this solution is that, as Gregg (1967) aw 
admits, we no longer have a system very acceptable to taxonomis : 
Taxonomists’ taxa do not contain arbitrarily chosen 4's. ore 
suggests a solution where monotypic taxa always contain one ae 
organism than their included taxa; but although, as has been Lael 
out, if evolutionary theory is true, all monotypic taxa wou Id e 
to be monotypic if we could discover all of the organisms which a e5 
existed (the aardvarks, for example, would have ancestral T the 
included in the order Tubulidentata), none of these solutions ? ole 
expense of evolutionary taxonomy seem very satisfactory. The w jus 
point of evolutionary taxonomy is that taxa are more than i 
collections of things—the only way that an extensional set theory 
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a Moreover, it is not as if evolutionists want to use their 
Set ime extensive formal deductions—thus, there seem to be no 
x Shih ts to be gained from altering taxonomy for the sake of 
lensin ae power conferred by the adoption of the axiom of 
ality. 

Ed Suggest, therefore, that a satisfactory solution to Gregg's 
and con be one which pays attention explicitly to the nature 
m mein of evolutionary taxonomy. In particular, as far 
and it Sen concerned, the axiom of extensionality must be dropped 
ifferent = be allowed that taxa of different rank (which are therefore 
Permittin axa) can have the same members. One can do this by 
aS set th g taxa names to have intensional definitions, rather than, 
names my requires, extensional definitions. This means that taxa 
for lare. be defined by specifying a number of properties required 
Member n-membership, rather than by mere enumeration of the 
evolution, But intensional definitions are, of course, just what 
omo sa ary taxonomists in fact use. Instead of stating that the taxon 
po m consists of Michael Ruse, and John Gregg, and Pierre 
members etc., etc., they specify a number of properties for taxon 
and so o 1p. Thus, Homo sapiens is hairless, two-legged, big brained, 
ably zi (actually, as mentioned earlier, evolutionists would prob- 
for Dros. no one of these properties on its own absolutely essential 
tension | s mbership). If evolutionary taxonomists were not to use 
taxon lear definitions, then they could hardly have even the simplest 
ép iy if they allowed a potentially infinitely large taxon- 

e ma > for, given any taxon, entirely new decisions would have 
Whethe, e about every object one encountered in order to find 

T Or not it was a member. 

the PM now we allow that taxa names can be intensionally defined, 
taxon a 3 paradox is no longer troublesome. Although amonotypic 
VO taxa have no more members than its sole included taxon, the 
differ nt Will be kept separate by the fact that the taxa will have 
We ave Tequirements for membership. Thus, for example, suppose 
The ax a taxon of rank n + 1, with a sole included taxon of rank n. 
A, 9n of rank n + 1 might have a membership requirement of 
Nem Rs The taxon of rank n will demand all of these A’s for 
Te uirem ip and some more. Hence, it will have a membership 
jhat ee of 4,,..., Ai, Aj... , Am, and it is logically possible 
Rt Witho, Could be other organisms, with properties A,,..., Ai, 
h radona Properties Az, . . . , Am. Consequently, Gregg's paradox 
ave , al no longer, since although the taxa of different rank 
qm ku E members, the different requirements for taxon- 
Tego. IP keep them apart (see also Buck and Hull, 1966; 1969; 


& 1968; Ruse, 1971c). 
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TAXONOMY II 


THE PHENETIC CHALLENGE 


Whether or not, as one enthusiastic supporter has claimed (Ghiselin, 
1966), evolutionary taxonomy ‘epitomizes all that is significant n 
phylogeny’, it cannot be denied that it is not without its rough edges: 
For some critics of evolutionary taxonomy the faults strike I 
deeply for them to feel that it could ever be in hope of salvation, an 
consequently these critics have devised a system of taxonomy vi 
their own. I must confess that I am not always entirely clear aban” 
the major aims of this new ‘phenetic’ taxonomy. Occasionally, t a 
primary aim seems to be to produce a taxonomic system which s 
objective’ and ‘repeatable’ (i.e. a system which takes the decis 
out of the hands of the individual classifier), and which leads to = 
of good predictions. At other times, the primary aim seems S all 
produce a taxonomic system which in some sense measures que 
physical resemblance (called, by its practitioners, ‘phenetiC But 
semblance, and to be distinguished from ‘genetic’ resemblance): 
whatever the main force of the replacement of evolutionary tan 
omy is intended to be, one invariably finds that the new taxono s 
advocate a taxonomy which in some sense supposedly incorpo” le, 
both aims. That is, it is supposed to be objective, TeP e eti 
pregnant with predictions, and, in some way, based on Palo” 
resemblance. For the phenetic taxonomists, therefore, the Tei b 
genetic history of organisms is irrelevant, as is their genetic m? rtant 
In this chapter I shall begin by considering the most impe al 
aspects of phenetic taxonomy—essentially as it is presented > pall 
and Sneath's Principles of Numerical Taxonomy. 

consider the evolutionary taxonomists’ reactions to it. 


on- 


Taxonomy Il. The phenetic challenge 155 


a some brief general remarks about the nature and aims of 
àXonomic systems. 


8&1 Phenetic taxonomy 


dann principles and methods of phenetic taxonomy are fairly 
qM T understand. One starts with a number of organisms to be 
faxono; X se organisms, which are known as ‘operational 
into E units’ (OTUs for short), are each deemed to be analysable 
similaritic, different characters (40-60 at a minimum); and the 
dep and differences between the organisms is assumed to be 
characte unction of the similarities and differences between their 
di c A matrix is drawn up showing the various similarities 
Silo eB between the organisms (as calculated from the 
arious nie and differences between their characters), and then 
f the echniques are used to reveal and summarize the structure 
Often PE etw Usually the techniques used are numerical and are 
different roan called ‘cluster analysis’. As we shall see, there are 
fall the ypes of cluster analysis, but ‘the important common aspect 
Btoups in, methods is that they permit the delimitation of taxonomic 
ow, fi an entirely objective manner’ (Sokal and Sneath, 1963, 53). 
Phenetic i llowing this brief description of the aims and methods of 
ajor st axonomy, let us look in a little more detail at some of the 
be classifies” First, there is the question of the type of organism to 
lo be ke ed. Secondly, there is the problem of the type of character 
Stimat, OSEN. Thirdly, there is the problem of deciding how to 
Complet resemblances (i.e. similarities and differences) between 
their a Organisms (ie. OTUs), given the resemblances between 
is poters, Fourthly, there is the problem of the type of cluster 
Ones p O be used. Finally, there is the question of how to present 
Questi * dings to the world. At this point I shall ignore the first 
a ext and take the pheneticists’ subject-organisms as given. In 
m js Con, I shall consider how the pheneticist might choose 
Stages "à * he classifies, Here, I want to take in turn the succeeding 
NUS mae With the choice of characters to be coded. — 
ima their t a Sneath call the basic units of information on which they 
ta eter àXonomy ‘unit characters’. These they define as taxonomic 
"ot be of two or more states, which within the study at hand 
Y chan © SUbdivided logically except for subdivision brought about 
Li meee’ in th Bd ep redi? (Sokal and Sneath, 1963, 65) 
an portant e method of coding’ (Sokal an LPS On. 
Ry, T8anis to note, right at the start, that not every character o 
the: Ples m Can be a unit character. Some are inadmissible. 
Be T ein Such inadmissible characters are meaningless characters, 
Notyn 8 Attributes which are not a reflection of the organisms 


Pe 
5 (€s. the names of specimens) and ‘characters whose 
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response to the environment is so variable that it is not possible to 
decide what is environmentally and what is genetically determined’ 
(Sokal and Sneath, 1963, 66), invariant characters, these being 
characters which do not vary within the entire sample, and characters 
which are highly correlated empirically. An example of characters 
highly correlated empirically is the pink eyes and white skin of 
albinos. ‘The close correlation between pink eyes and white skin of 
total albinos in most vertebrates would be counted as a single 
character, since the total absence of pigment implies lack of retinal 
pigment’ (Sokal and Sneath, 1963, 68). 

Now, although it would seem that any character other than those 
definitely labelled ‘inadmissible’ can be used as part of the foundation 
of a phenetic analysis, and although, as we saw in the last chapter, 
the practice of weighing certain characters is considered quite 
reprehensible, it should not be thought that one can now go stralg 
ahead using the admissible characters as the basis of a resemblance 
matrix. Certain kinds of character must be treated with care; 
otherwise one might end with a somewhat distorted estimation © 
the character's importance. This applies particularly to such a thing 
as an organism's size (or an organism's part's size), Since this 1$ 
something which can vary quite drastically with age. In cases like 
this, that is, where one is presented with characters which vary 
greatly (by size) within a sample, but where one would not want to 
rule the characters inadmissible on the grounds that their variation 
was just a function of the environment, it might sometimes be 
to use some kind of logarithmic scale of measurement to avoid undue 


ght be €* 


E H [^ 
pressible in terms of one simple mathematical transformati 


function. For example, in Figure 8.1 one’s first reaction mig atio 
ansforma 


the shape e 
expresse l 


terms of this function, rather than in terms of all 
differences that one can find. Hence, it can be seen from t 
amples that, although weighting as such is not permitted, t 
times when a certain ‘transforming’ of the figures is called for- tus 
Finally, in this discussion of the nature of unit character? ^. of 
note that they should be drawn without bias from as wide à rogi" 
aspects of the organism as possible. This range includes morph nd 
cal characters, physiological characters, behavioural character ope 
ecological and distributional characters. Also, as noted earlier, 
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(b) 


Figure 8.1 


(From Sokal 
and Sneath, Principles of Numerical Taxonomy, Free- 
man and Company.) ples of ias 


should z; 
idi dim o a minimum of about 50 characters. Sokal and Sneath 
One gets. b more characters one studies, the more information 
thesis of th ut they commit themselves to what they call ‘the hypo- 
ew infor “9 matches asymptote’. After a certain time, the value of the 
ally, and ation gained from each new character falls away drastic- 
is oe for new characters hardly remains worthwhile. 
namely th rings us to the next major stage of phenetic taxonomy, 
OTUs. It € problem of estimating phenetic resemblance between 
3 thoroy vond hardly be appropriate here to attempt anything like 
Matica] pe analysis of all the various facets involved in the mathe- 
Noted t at imation of phenetic resemblance; however, it should be 
Done of iaa do seem to be various approaches, and that whilst 
viden, SS is self-evidently the right one, none of these is self- 
OSsesseq ri wrong one. Some approaches have strengths not 
3 Proache Y others, and some have weaknesses. Many of the 
sina es x ely on a notion of taxonomic distances between the co- 
Wares of th two points (i.e. as the square root of the sum of the 
Ost o s € individual differences). Other approaches, perhaps the 
Us ways of trying to calculate taxonomic resemblances 
s, involve what Sokal and Sneath call ‘coefficients of 
the 28,88 a si ere one tries to express the relationship between two 
oth di brences io fraction, in which one compares some function of 
Su sr unction and similarities between the unit characters with some 
"i Ose one dns the differences and similarities. Thus, for example, 
tee as two OTUs analysed into n unit characters. They 


m " " 
Of these characters, and disagree on u. Three possible 


een 
BSOcin g: 
Option’, 
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ways of quantifying the OTUs resemblance-relationship are as 
follows: 


(1) Ssu = m/(m + u) = mjn 
(2) Ser = m[(m + 2u) = m[(n + u) 
(3) Su = (m - u)/n 


The first way just compares the number of matching characters with 
the total number of characters—the second and third ways give 
rather more weight to the unmatching characters. (Ssar, Snr; SH ate 
the names of the three different quantifications of the resemblance- 
relationship.) 

As noted just above, phenetic taxonomists would not consider any 
particular one of these ways of quantifying the relationship between 
the two OTUs as being the one unique way of quantifying the 
relationship. Rather, they would want to choose the way which fitted 
best in the particular circumstances. Thus suppose, for example, one 
had a set of OTUs and one were considering 100 unit characters. 
If the OTUs were such that the number of matched characters 
between the OTUs varied right over the scale (i.e. from almost tota 
matching to almost total non-matching), then the simple matching 
Coefficient Ssa might be appropriate. One would get ratios from almost 
0 to almost 1. On the other hand, if the number of matched characters 
were bunched up, Say varying from 70 up to 100, one might pre” 
one of the other coefficients, so that the spread of similarity ratios 
would be more evenly distributed. Presumably, if the number A 
matched characters were highest in the 90s, and tailed away down in 
70, one would prefer the Spr coefficient; but if the number of m n 
Were evenly distributed between 70 and 100, one would prefer t 
Si coefficient. The one definite conclusion that one can draw 18 pe 
whatever the coefficient chosen, whether it is one of those eim ce 
Some other, or whether indeed one chooses to estimate resemble is 
1n Some way other than by using a coefficient of association, able 
clear that phenetic taxonomy leaves the classifier with consider? 
room for personal choice. E 

This now brings me to the fourth stage of phenetic taxonom? 
the clustering together of the coefficients of similarity. Here ince 
one finds that the classifier is left with considerable freedom: sath 
after considering various ways of clustering Sokal and 97" pe 
conclude that ‘each of the clustering methods described 1 ied’ 
Previous section is valid in its own right if consistently aster- 
(Sokal and Sneath, 1963, 190). Probably the simplest way 0! € od 
ing is what they call ‘single linkage’ clustering. First, this cients 
clusters together those with the highest possible similarity °° 
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then by equal steps it lowers the level of admission. Thus, given five 
Us one might get the following result: 


S OTUs _ 
09 1.12 
098 123 45 
097 1,23 4,5 
080 12,3,4,5 


ace We have OTUs 1 and 2 joining at a similarity value of 0-99, 
TU 3 joining them at 0-98 and OTUs 4 and 5 joining each other 
1.098, and finally at 0-80 we get all five OTUs clustering together. 


Now, given this kind of clustering, it should be noted that the admission 


ae OTU or a cluster into another cluster is by what we may call te 
gg ON of single linkage. By this we mean that if a similarity level o 
an, Would admit an OTU into a cluster, a single linkage at that level with 
a member of that cluster would suffice to warrant admon ae 
Will Pair of OTUs (one in each of two clusters) related at the critical e 
this bi ake their clusters join. Thus, while two clusters may be ope fo 
two ichnique on the basis of a single bond, many of the members o Cs 
1963, ried be quite far removed from each other. (Sokal and Sneath, 


Mis remedy this problem, Sokal and Sneath offer more ee 
linką ays of clustering. Some ways are variants on ue oo 
metho methods; other ways use more complex metho s. One 
En for example, requires that an OTU be related with m 
this ig T ofa group before it is allowed to join. (Not quor. a 
these known as ‘complete linkage’ clustering.) We need not e 
onside *r methods in detail, but can merely note that, = mu 
Soka Stable freedom is given to the classifier, and as noted a i 


and § ioi in itself, any method is as good 
ET neat hat, in itself, any 
s any other h explicitly state tha 


in Ty, there is the problem of presenting these results of cluster- 
Soy LS IS frequently done by means of a dendrogram. A. dendrogram 
Mean; °S the positive quadrant of a graph—the abscissa having no 
being 2& being used only to separate the OTUs, and the ordinate 
log? Some Similarity coefficient scale from 0 to 1 (or 0 to 100 or 
a Simi? 3void decimals). When 2 OTUs or 2 groups of OTUs have 
i; larity Coefficient which requires that they be clustered together, 
Prin sown by joining together lines stemming down from the 
OT groups, Although dendrograms are usually shown with the 
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ordinate vertical, there is no reason why it should not be horizontal. 
Figure 8.2 is a very simple example of a dendrogram, drawn 
showing the relationship between seven OTUs. 


100 


SIMILARITY VALUE 
3 


Figure 8.2 


arity value 


As can be seen, OTUs 1 and 2 are linked at about a simil 
g of these 


of 90, 3 joins them at about 80, and consistin 
three finally joins the other grouped ore “oe 10. i 
Lines can be drawn on the dendrogram parallel to the absciss® 
These are called ‘phenon lines’ (in Figure 8.2 we have phenon lige 
at about 25 and 45). Groups which are affiliated at a level not lo% 
than x are said to belong to an *x-phenon'. Thus, OTUs 1, 2, n i 
(taken together) belong to a 45-phenon, to a 25-phenon, and in Due 
to a phenon at every level lower than 80. OTUs 4, 5, 6 and 7 ec 


together) on the other hand belong only to phena at levels lonen 
netic 
he olutionary 


respect, phenetic taxonomy does differ greatly from ite 
taxonomy. Whereas evolutionary taxonomy has only à Tin tic 
number of levels of taxa into which to put organisms, p er of 
taxonomy allows organisms to be put into an unlimited BUM" goes 
phena—in fact just as many as one wants. And, of cours’, tweet 
almost without saying that there is a fundamental difference "sual 
an evolutionary ‘tree’ (as in Figure 7.2) and a superficially vento 
similar dendrogram. The former is intended to show pbylog 


| 
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relationships, whereas the latter does not do this at all (although 
possibly the information it incorporates might later be used as the 
basis of inferences about such relationships). 

This ends my brief exposition of phenetic taxonomy. Let us now 


turn to the evolutionary taxonomists’ criticisms of this new kind of 
taxonomy. 


82 The evolutionists’ reply to phenetic taxonomy 
As might be imagined, evolutionary taxonomists have been no less 
arsh in their estimation of the worth of phenetic taxonomy than 
Were phenetic taxonomists in their estimation of the work. of 
molutionary taxonomists. One reviewer of Principles of Numerical 
axonomy concluded th at, ‘After reading this book carefully it is my 
feDSidered opinion that numerical taxonomy is an excursion into 
Utility? (Ross, 1964, 108). In this section, I intend to consider three 
criticisms which have been made of phenetic taxonomy. I shall 
SUggest that two can be answered successfully by the phenetic 
promist, but that the third presents him with far more d 
Thi © first criticism is that phenetic taxonomy is mear ope 
i5 is no doubt a reaction that many evolutionary taxonomists have 

and is well expressed by Delevoryas. He writes as follows: 


p, ems to me that the ultimate goal toward which all biologists pous 

y Diving is an understanding of the course of evolution. No eed i | 
ecol developments are brought to light in molecular biologica ^ ud dm 
these Pal investigations, and in countless other biological bcn n, 
Probes ideas are really only a means toward our understanding 

9n a much grander scale. 
relatio, e's to classify organisms, then, a system based on concepts of 
ions’ 


à syste, -PS and descent would seem to be the most worthwhile seal 
hYlog I$ not phylogenetic, it is really meaningless. Ifa erien h ie 
that ig nastics it really cannot be judged ‘better’ or ‘worse’ 


arti : not, Tt is really pointless to argue about the relative merits of various 
al schemes, (Delevoryas, 1964) 


la er evolutionary taxonomists have echoed Sa ge 
tong ed Simpson, who, when he justifies his allegiance to ew r 
favou taxonomic methods and principles, declares po D 
Such 4 9. & ‘natural’ system, and then concludes that "in era i 
Y my, Ping as natural classification can meaningfully we ieved, 
er Bo by evolutionary classification’ (Simpson, 1961, 57). 2. 

When th ate times when it is not easy to escape the impression i 
ate q -Ese critics of phenetic taxonomy damn it in this way, all they 
ttug (Dg is labelling a priori, evolutionary classification as the only 
axono aningful classification, and then condemning phenetic 
r Y because it (not surprisingly) does not live up to their 
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billing. However, assuming that their complaint has a little more 
force than this, let us try to uncover the real reason behind it. The 
reason lies, I think, in a difference of opinion about the true 
purpose of organic classification. Both evolutionary and phenetic 
taxonomists agree over certain purposes of classification; but they 
differ over another crucial one. Both sides, for example, agree that 
a classification provides a summarizing device enabling one to file 
organic collections in some kind of order, so that one does not have 
to spend hours looking for a desired specimen. Both sides also agree 
that a classificatory system should have a strong predictive value. 
As soon as, for example, one identifies something as a ‘bird’, one 
can make a large number of forecasts about its circulation, skeleton, 
reproductive habits, and so on. Because one has a classification, one 
does not have to discover everything anew whenever one finds a new 
organism—the classification enables one to predict properties of the 
new organism. 

However, although both evolutionary and phenetic taxonomists 
agree on the summarizing and predictive purposes of a classification, 
they differ over a third purpose, namely the explanatory value à 
classification might have. For evolutionary taxonomists, à classifica- 
tion must have some kind of explanation built in—something which 
in some way takes note of the reason why organisms are as they ate 
ia the other hand, phenetic taxonomists, whilst not denying t ns 
com Pastas may be very useful in the search for the d 
k H 'ganisms are as they are, refuse to accept the stipulation > 
anny a ga try to reflect the underlying Sne 
figs aeain y. us, for example, on the one S! 

g as follows: 


"ed the scientist-taxonomist the most important meaning of 
[x H Is a scientific theory, with all the qualities of a SC 
joint of all, it has an explanatory value, elucidating the rea: 
1 a attributes of taxa, for the gaps separating taxa, and for th 
: ae fg ».. It is sometimes argued that the descriptive amis is 
i oet d of classifications should be neatly separate dec 
c. A good classification of organisms is automatically exP 
(Mayr, 1969, 79) 8 
on 
the tax tion 


In opposition to this view, in a pro-phenetic paper b 
Michener, one section, entitled "Should teet of classifica, 
contain an explanatory element ?, concludes that ‘In short, men of 
answer the question posed in the title to this section, the classifica 
and Its explanation should be separate" (Michener, 1963, 79) anic 
It is because of this difference over the purpose of an — 
classification that (I would suggest) the charge of ‘meaningless is? 
arises. No one denies that the reason for organic differences 


a classificatioP 


ientific the i 
sons for th 
he hierarchy 


omist 
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&netic one which in some way reflects organisms' pasts; but 
taxonomists differ over whether or not their classifications should 
sed attention to this explanatory reason. Evolutionary taxonomists 
d Very strongly that one should, and hence they feel that any 
assification which does not is in some important sense *meaning- 
ess’. It does not even try to do one of the most important things a 
Classification should do. 
Bian, evolutionary taxonomists right in condemning phenetic 
ex Sat for not even trying to incorporate into their systems an 
Planatory element? My own feeling is that they are not, for, unlike 
(al Ido Not see that in itself a system of classification is a theory 
and oe like evolutionary classification, it might be inspired by 
of tr to a theory). A classification is a division based on a set 
t es and, for this reason, is neither true nor false (which is what 
ary nad is). This is not to deny that if, for example, evolution- 
evoluti. Onomists can show that phenetic taxonomy 1s inferior to 
iur, AY taxonomy in its ability to enable taxonomists to 
axon arize material or to predict things, then in this respect phenetic 
if phena, is fair game. The proof of the pudding is in the eating, and 
deliver etic taxonomists cannot deliver what they claim to be able to 
little yz then they are rightly open to criticism. However, it seems a 
Unfair to condemn them out of hand for not doing something 
limite "n Not set out to do. One may feel that their systems are 
s » and if they fail to be of much value either with respect to 
but matization or prediction, one may feel their systems are useless; 
5 hardly makes the systems meaningless. x 
is al ^ Cover, before the evolutionary taxonomist concludes that this 
does it dUabble over words—‘limited’, ‘useless’, ‘meaningless , what 
Pre ition ee the main point is that a system which is used for 
take nor, Without explanation is bound to be no good—he should 
Predict te of the fact that some things which have been used for 
Booq on Without explanation certainly have been a great deal of 
© Babylonians had incredible success in predicting the 
os the heavens; but they did this entirely in an arithmetical 
Variable, 2S the celestial motions as discoverable independent 
Mtem $ and computing their various interactions. They did not 
[nians in any way to explain what they were predicting (unlike the 
ady a explained’ the heavens with great gusto, but who could 
tates s a thing). Thus, it would seem that past precedent also 
aging to b t the phenetic taxonomist may legitimately refrain from 
Wout t E explanatory systems. Otherwise, one must refuse to 
{ould o abylonian astronomy had any worth, and to do this 
P ™ to be a classic example of cutting off one's scientific nose 


Spite a 
One’s Philosophical face (see Toulmin, 1961). 
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The second criticism of phenetic taxonomy that I want to discuss 
has been made by Ghiselin, who feels that there is something 
philosophically objectionable about the whole attempt by phenetic 
taxonomists to quantify the phenetic differences and similarities 
between organisms. Ghiselin feels that at the heart of this attempt is 
the mistaken assumption that similarity is some absolute intrinsic 
property of organisms (just as mass is an intrinsic property of ob- 
jects). Because of this assumption, phenetic taxonomists think they 
can assign units to similarity and thus compare organisms’ similarity, 
Just as one can assign units to mass and thus compare objects’ mass- 
Ghiselin argues against this position as follows: 


Similarity is a relation; things are not twice as ‘similar to’ any more than 
they are twice as ‘around’... . When I say that rats are similar to mice, 
I do not mean that they are composed to an equivalent number ©) 

comparable entities. If someone says that two organisms differ in per 
cent of a sample of characters, while two others differ in only 65 per Ce? 

of these, he cannot meaningfully assert that one of these pairs possess à 
greater amount of difference, in the same sense that one animal may be 
said to have more mass than another. One would obtain just as meaningful 
a figure by adding two oranges, a glass of water, and a telephone number. 
If one is going to measure, one's units must be equivalent. Organisms es 
not composed of a finite number of equivalent building blocks which may 
be considered units of similarity; a long tail and a red nose simply canno 

be compared. Therefore, one may erect systems of classification encom- 
passing classes differentiated in terms of similarity in particular character 
istics. But no two systems can be compared, except insofar as the pars 
show corresponding order. For this reason . . . quantitative similarity 

a metaphysical delusion. (Ghiselin, 1966, 214) 

else, if 
tionary 
since ! 


Now let us note immediately that, apart from anything 
Ghiselin's criticism is well taken, then Mayr's version of evolu 
taxonomy is in as much trouble as any phenetic taxonomy, t 
it is illegitimate to consider phenetic similarity in this Way; then ! 
would be no more proper to treat genetic similarity in this wey 
Although Mayr does not go to the extent of actually putting e 
to genetic similarity, he wants to talk of one organism pen 
genetically more similar to a second organism than it is to 4 oe 
Moreover if long tailedness and red noseness are genetically C 
he would want to be able to compare these genetic causes in 50 Ü 
way which would be very similar to the comparison of the long t?! 
and red nose themselves. 

Obviously there is something a little suspect about à 
argument and it is not too hard to see what it is. Although sim! 
is not an absolute property of organisms like mass is of objects» 
phenetic taxonomist’s treatment of phenetic similarity is 


auseds 


piselin’s 
E larity 
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such a supposition. This is clearly shown by the fact 
d Sneath exclude invariant characters from their list of 
lute me quid They are not trying to measure some 

i a nd of organisms, but are rather trying to assess 
À respect to other organisms. Thus, invariant char- 
| do do not vary throughout the whole sample being 
Not dealing E interest them. Now, since phenetic taxonomists are 
Ore ea ee property like mass, their task seems much 
ten orga O7 them, phenetic similarity is a relationship 
Tlationshi rems, and one can certainly quantify at least some 
n ES etween organisms. Consider, for example, the distance 
anism 4 anisms. This is not a property of organisms like mass— 
talk o oné 1S not ‘five miles distant —on the other hand, one can 
One can qu Organism being closer to a second than a third is. Also, 
Xe five end distance. It makes sense to say that two organisms 
Milarity S apart. A priori there seems no reason why phenetic 
si ina Ould not be treated in the same way—we certainly do 
Imilar t asual Way of organisms in a certain group being more 


a to 2 2 
Way Some organisms than to others. Moreover, the obvious 
to be to 


Daring one difficulty that Ghiselin highlights 
96$ not £ two different characters (like a long tai 
Of the p Itself seem to be a reason for an imme 
and ^] *Deticist? programme. Things are never exactly the same, 
diss We compare them. A is farther from B than it is from C, if 
Tiles fr iles from B and only 4 miles from C. This holds, even if the 
des $ bs B are over stony ground and the miles from A to C 
elds. 

Phe £s Urse, none of this is to deny that the attempt to quantify 
this "lc Similarity may look strange—particularly at first. However, 
doubt y Probably the case with any first attempt to quantify. No 
Point the thermometer seemed very odd in its day. The important 


Phenes, that it does not seem that Ghiselin can properly rule out 
: At least, he cannot do so 


quantitative similarity is 
developing the notion 


ticism of evolutionary taxonomy—the 
sts purge taxonomy of few of the ills 
he evolutionary taxonomists. Here, 
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I think, we have something the force of which cannot be denied. 
As we saw, phenetic taxonomists accuse evolutionary taxonomists of 
being insufficiently ‘operational’, of supplying results which cannot 
be duplicated by independent investigators, and, above all, of failing 
to pay proper attention to the canon of ‘objectivity’. What the 
phenetic taxonomists claim is that they will sweep away the evolu- 
tionists’ subjective morass, and replace it with a system free from 
the taint of individual biases and wishes. For example, Sokal and 
Sneath write that phenetic taxonomy (which they call numerical 
taxonomy) 


would have no claim to the serious attention of biologists unless it could 
overcome some of the faults found in conventional taxonomic procedure. 
While we feel that the methods to be discussed below have a number © 
ancillary advantages . . . the outstanding aims of numerical taxonomy a7 
repeatability and objectivity. (Sokal and Sneath, 1963, 49) 


Regretfully, it does not take much ability to see that phenetic 
taxonomy falls short of these stated aims. To see this in more detail, 
let us briefly refollow the path of the phenetic taxonomy through 15 
major stages, beginning this time, however, with the choosing of the 
OTUs to be classified. ? i 

Usually, the taxonomist is faced with numbers of organisms which 
run into the thousands, if not into the millions. Consequently» 
whatever might be the case in theory, the phenetic taxonomist 3S 
going to be faced with the task of choosing certain examples of type 
to represent their fellows. It is on this relatively small group of 
examples alone that he will perform his studies. Even with the e d 
computers he can do nothing else, for no one could (or won h 
attempt to classify millions of organisms in one study. But faced Yip 
the need to select representative specimens, how is the phenet 
taxonomist to satisfy it? The only reasonable way to do dus por 
seem to be by falling back on orthodox means. In particular, whe st 
is dealing with organisms from more than one species, O° lect 
recognize the legitimacy of the biological species concept aD these 
specimen organisms which represent each and every One eft 
species. Thus, for example, Michener writes: 


H . i mi 
If one did not recognize the species at the outset of a numerical eset 
study one would be faced with the enormous task of a numerical mmo 
of masses of unselected individuals (including thousands of each order to 


discover the species. Gathering data (many characters per S| The time 

‘therefore awry 
recognition of the kinds of organisms and development of pm 
classifications. (Michener, 1963, 159) 
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Ina similar manner, Sokal and Sneath recognize the need to rely on 
the biological species concept, since they write that ‘except for special 
Studies aiming at intraspecific classification, the most customary unit 
i a ey and botany will be the species’ (Sokal and Sneath, 1963, 


uw clearly, although Sokal and Sneath later justify their use of 
. 1€ Species (by arguing that it is more reliable than other categories), 
Rif as phenetic taxonomists must rely on the species, their 
àxonomic Systems will suffer from all of the deficiencies that 
Svolutionary taxonomic systems suffer from due to the species. In 
abe any ‘subjectivity’ caused by one’s species concept will be 
See their systems. For example, phenetic taxonomists them- 
s es will have to make decisions about where in time to end one 
;Pecies and begin another. This may not be a crippling problem; but 
ie force the phenetic taxonomist to make decisions which he 
imed his System would make unnecessary. ; 
ore in phenetic taxonomy comes the choosing and evaluating of 
omen atacters. This clearly involves blatant deviation from the 
ec E of repeatability and objectivity (in the way that they seem to 
mono ed of by Sokal and Sneath). The whole point of phenetic 
differe, my is that through it one can ‘approach the goal where 
identi nt Scientists working independently will obtain accurate and 
oua, estimates of the resemblance between two forms of 
judge Smg, given the same characters on which to base their 
or igi (Sokal and Sneath, 1963, 49). All kinds of personal bias, 
to giye ? O7 Interest, are to be removed. The individual taxonomist is 
the ^. "p his own free choice, and for this he will be presented with 
throy adorned truth. Moreover, in order to carry this programme 
isticg à E attention is to be paid exclusively to the physical character- 
Perfo, Organisms. All theorizing, such as a taxonomist like Mayr 
9 E is to be strictly eschewed. Any speculation about the past 
before or 4 backgrounds is to come after the classification—not 
uring it, 
io the light of these ideals, it seems quite incomprehensible that 
all ld Sneath should state them, and then turn around and give 
ifte re S of recipes for omitting or adjusting the relative values of 
igno, | Unit characters. Consider, for example, the directive to 
Supp, Variable characters, such as the number of leaves on a tree. 


inciden caves. But if one appeals to genetic considerations (which 


tally is just what Sokal and Sneath do), and if one tries to 
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show that exact tree-leaf number is not a function of the genes in 
quite the way that (say) leaf-shape is, then one is going beyond a 
phenetic classification. This may be a legitimate way of classifying 
—Mayr claims it is—but it is no longer phenetic classification. On 
the other hand, if one is not prepared to appeal to genetics, then one 
has no right to stop someone using exact tree-leaf number as a unit 
character. 

This conclusion seems to apply even more strongly to the problem 
of empirical correlations. If one does not appeal to the genes (which 
Sokal and Sneath do), then in the case of total albinos one has no 
way of deciding whether pink eyes and white skin together count as 
a unit character, or whether they should count apart as unit charac- 
ters (or whether the two eyes should count apart, or whether each 
white hair is a unit character, or so on and so on). Here again, 
phenetic taxonomists are caught in a dilemma. Go beyond the 
phenetic evidence and appeal to the genes, in which case the difference 
between a phenetic taxonomist and an evolutionary taxonomist like 
Mayr disappears, or refuse to go beyond the phenetic evidence, I? 
which case the chances of repeatability and objectivity sink du 
ally. There just is no way on the surface of deciding in a completely 
definitive manner whether to treat white skin and pink eyes 2$ € 
character or two. Moreover, exactly similar considerations apply to 
Sokal and Sneath's other directives about unit characters. If one do? 
not lay down rules in the way that they do, then hopes of complete 
repeatability and objectivity are lost. On the other hand, if one € 
lay down such rules, then it is difficult to see how one's classifica 
can avoid going beyond the purely phenetic to the genetic p 
organisms. Either way, the goal of phenetic taxonomy is put bey? 
one's reach. ion of 

The next stage of phenetic taxonomy involves the estimation ejr 
resemblances between OTUs on the basis of the difference 1 - ists 
characters. As we saw, the more inventive the phenetic texonor es, 
the more ways there are open to him to estimate these resemblane 5 
and there seems to be nothing absolutely forcing two taxonomiS |, 
take the same way. Sokal and Sneath themselves admit this v he 
they concede the possibility of viable alternatives. However sen jt 
phenetic taxonomist does have alternatives to choose li an 
would hardly seem that his subject achieves the repeatabi el pall- 
complete freedom from personal decision that we are told ist 


mark of phenetic taxonomy. m 
. «or that Ia 

3 One important point should be noted here. The reader may IBN E ance 
denying the possibility of finding a quantitative measure of phenetiC Ghiselia jor 
If so, it is somewhat strange that I should earlier have criticized 


J 

a ete" 

H ral : 
denying the possibility of finding such a measure. To put the record s! 
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An almost identical argument applies to the final major stage of 
Phenetic taxonomy, where the OTUs are clustered together. The 
Phenetic taxonomist has many choices, and the decision between, 
Say, adopting a single linkage method of clustering rather than 
tdopting a complete linkage method seems no different in principle 
n 9m the evolutionist's decision to group contemporaneous groups 
ather than ancestor-descendent groups. Both decisions involve the 
po of the classifier—desires which may or may not be shared by 
opu classifier. Hence, at this concluding stage, as before, the phene- 

faces choices no less than does the evolutionary taxonomist. 

the f course, phenetic taxonomists themselves are not unaware of 
m problems faced by their taxonomy. Even Sokal and Sneath, 
on cn their many claims about repeatability and objectivity, finally 
E ify their position by saying that they ‘do not claim that numerical 
i Onomies are objective realities; the fact that a number of slightly 
is uu taxonomies may be obtained by different statistical methods 

ied evidence that they are not’ (Sokal and Sneath, 1963, 268). 
Bo Hii merely acknowledging the problems hardly makes them 
ae clear by now that just as difficulties and choices occur in 
Moos naf taxonomy, so they occur in phenetic taxonomy. 
indivi d both taxonomies leave open degrees of freedom to the 
p B taxonomist. Nevertheless, as we leave the criticisms of 
Note Ie taxonomy and turn to the final section, it 1s important to 
their One thing. The choices faced by phenetic taxonomists have 

onsec unterpart in choices faced by evolutionary taxonomists. 
olay? whilst the pheneticist should not condemn the 
50 n o se for his problems arising from the need to make decisions, 
Proble er Should the evolutionist condemn the pheneticist for his 
tion i zs arising from the need to make decisions. Organic classifica- 
and i Practice which leaves freedom for the individual practitioner, 

Oreoy Sa truth which holds, whichever way one tries to classify. 
climinate Whilst it is obviously the case that one should try to 
* Sources of bias due to the preconceptions of the taxonomist, 


am n i 
Tesempja C ing the possibility of finding a quantitative measure of phenetic 
tuitions © nor would I deny that some measures accord more with common 

Ore vit an do others. Indeed, I am quite sure that some measures do accord 
the Dossi |. Common intuitions than do others. But, I confess that I would deny 
die sens ty of finding a totally objective measure of phenetic resemblance, in 
Co ERE this measure is given to scientists rather as God gave the Ten 
Pot fing thn ents to Moses. However, for reasons which I gave in Chapter 7, I do 
because 1S failure to find such an objective measure very worrying. This is 


Id A VETE 
@Xonomy think any science is as ‘objective’ as Sokal and Sneath would 
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one should not sacrifice everything on the high altar of ‘objectivity’. 
Neither within taxonomy nor outside of it, does or could the totally 
objective science exist. 


8.3 Is there a proper way to classify? 
Rival taxonomists speak of each other’s work in a way unknown 
outside of the House of Commons. (‘Nominalist’ and *Platonist' are 
favourite epithets and are hurled by both sides with parliamentary 
vigour.) Nevertheless, although there are obviously very important 
differences in the two taxonomies, as one tries to summarize the 
findings of the discussion in this chapter and the last about 
evolutionary and phenetic taxonomy, it seems proper first to point 
to the strong similarities between the taxonomies. For a start, bot 
sides share the same overall aims for taxonomy: they both want 
taxonomy to be a scientific discipline which can stand comparison 
by the standards of other sciences. Mayr, as we saw, claimed that 
'for the scientist-taxonomist the most important meaning p 
classification is that it is scientific theory, with all the qualities of @ 
scientific theory’ (Mayr, 1969, 79). Similarly, a major theme of the 
phenetic taxonomists is the need to eliminate the subjective bias ° 
individual taxonomists, and to make taxonomy ‘objective’ like other 
sciences. Of course, this is not to deny that the ways in which H 
two sides try to make their taxonomies like other sciences are QU! t 
different. The evolutionary taxonomists think that a science pe 
have explanatory value. The phenetic taxonomists deny this; A 
on the other hand, they in turn espouse supposed ‘scientific ew 
downplayed by evolutionary taxonomists. In particular, the phene to 
taxonomists seek repeatability, total objectivity, and conformity 
the principles of operationalism. ies is that 

A second point of resemblance between the two taxonomies 1$ 
both sides seem ambivalent about their more immediate om 
We saw, evolutionary taxonomists differ over what they seek. = ing 
the geneticists like Mayr, want classifications to reflect the and i 
genetic nature of organisms. Hence, strictly speaking, phyl08° does 
irrelevant for them—although, not entirely consistently, Mayr pers 
require that his taxa be monophyletic (that is, he wants the ee OR 
of no taxon of rank n to be descended from the members re the 
more contemporaneous taxa of rank m or higher). Obe iry 
genealogists like Simpson, want their classifications to P2? for 
direct attention to the phylogenetic history of organisms: T enis: 
them, classifications must not be ‘inconsistent’ with P nyo otf 
Although the aims of the geneticist and the genealogist will frequ* it 
coincide, in certain cases they may not. On top of this cO 


n sions i 
ositiO 
must be further recognized that, supposing one adopts P 
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like Mayr's, there is still work to be done to clarify one's aims. 
Despite granting that the notion of ‘genetic similarity’ does not seem 
as untenable as some (like Ehrlich) would have it, additional guide- 
lines need to be laid down before it can be a truly satisfactory basis 
for organic classification. On the other hand, although the phenetic 
taxonomists rightly point to this kind of problem with evolutionary 
laxonomy, they too need to put their own house into order. 
tobably the main aim of phenetic taxonomy as it is presently 
Conceived is to produce a taxonomy which reflects overall phenetic 
Tesemblance. For example, Sokal and Sneath write that in their 
taxonomy they aim for ‘the numerical evaluation of the affinity or 
Similarity between taxonomic units and the ordering of these units 
Into taxa on the basis of their affinities’ (Sokal and Sneath, 1963, 48) 
and later they assure us that by the term ‘affinity’ they ‘imply a solely 
Phenetic relationship’ (Sokal and Sneath, 1963, 123). Similarly, 
ichener claims that one of the objectives of classification ‘should 
€ to reflect as closely as possible the resemblances among kinds of 
organisms’ (Michener, 1963, 153). However, phenetic taxonomists 
are far from entirely consistent in their writings about the major 
Purpose of their taxonomies. Sometimes, indeed, one gets the feeling 
at there is no unique, major purpose, and that any method of 
Classification can be used, so long as it meets the particular needs of 
bie Moment. Thus, ‘having defined precisely what is pertinent to 
lologica] classification and what are the best statistics for achieving 
Blven end, we can obtain taxonomies which fulfil the needs for 
quis they are devised’ (Sokal and Sneath, 1963, 268-9). It is obvious 
e at, at this point the phenetic taxonomists, no less than the 
Volutionary taxonomists, need to do some careful rethinking about 
e5 ^t they consider to be the immediate aims of their taxonomy. (Of 
M urse, it may be that phenetic taxonomists really do not want any 
cific, unique purpose guiding their taxonomic work. In itself, such 
Pragmatic stand does not seem to me to be objectionable; but I 
think that if this is to be their position, it needs spelling out in 
¢xplicit manner.) ee 
lati third point of resemblance between the two taxonomies is the 
is "de and responsibility that they give to the individual classifier. 
ex Slutionary taxonomists openly admit this fact—Simpson, for 
Tüple, Speaks of classification being as much as ‘art as a science 
Te Ut even the phenetic taxonomists, despite their usual claims about 
ubCatability and objectivity, leave many decisions 1n the hands of 
Sha assifier. Since I have already had so much to say about this, I 
Say no more here. eder 
ta, © l said, in drawing attention to the similarities between the two 
9nomies, I do not want to minimize their differences. The 


a 
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decision to base classification on phylogeny or genetics rather than 
phenetics (or vice versa) leads to differences in both the practice and 
results of classification. This being so, let me now ask my final 
question about taxonomy. On the basis of the total discussion in 
these two chapters, can we say which taxonomy biologists ought to 
adopt? Unfortunately, short of putting the two taxonomies to fairly 
extensive practical tests and seeing if either or both do in fact prove 
to be useful summarizing and predictive devices (as they both claim 
to be), it is not easy to say very much. However, strictly on the basis 
of the past discussion, one starts to suspect that the answer to the 
question of which is the better taxonomy is that ‘it all depends’. We 
have seen that both taxonomies have problems which have to be 
solved or avoided as they turn up. On the other hand, we have also 
seen that neither taxonomy is really quite as bad as its opponents 
would have it. This being so, I think the better taxonomy probably 
depends on one’s area of study. If one is studying organisms with a 
good fossil record, for example the mammals, then perhaps evo t" 
tionary taxonomy is the more obvious choice. The inductive general" 
izations one will have to make to infer unknown phylogenies OT 
genetic resemblances will have a relatively large amount of support- 
on evidence. It is, perhaps, no surprise that biologists like Simpson 
th rind the Strong Supporters of evolutionary taxonomy ae 
ik na onomists whose interest does lie in groups like the mam nary 
» _ Surprise also that the differences between evolutio ^ 
K oromi is reflected in their different biological inerea 
ü oles re) oa emphasizes phylogeny in classification, is 2 paleo 
Alt - AYT, who emphasizes genetics, is a neontologist. rno 
lernatively, if one’s interest lies in organisms with little OF $ 
rossi record, or in organisms where evolutionary taxonomi 
principles are really difficult to apply (e.g. asexual organisms), the 
possibly p henetic taxonomy offers one the best way of classifying 
As pheneticists perpetually point out, with groups like these oi 
classification will probably be de facto phenetic anyway» pact o 
one calls it. Again, it is not surprising to find that the supporte 
phenetic taxonomy are just those whose interests lie in groups W fies- 
aa records. Ehrlich, for example, is interested in p 
Pid renes 2 bacteria. The University of K an course 
Á ronghold of phenetic taxonomy: =” oe its 
phenetic faxonomy is a comparative newcomer—estimation "5 
overall value will have to wait until it has had a fairly long we P g 
jnatin 
*In this context, the reader might care to look at the results of a fas isms 
experiment by Sokal and Rohlf (1970) in which they attempt to classif OTF the 
using people who are quite untutored in taxonomy and ignor 
ultimate aims of what they are doing—‘intelligent ignoramuses’. 
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Perhaps it will turn out that to make good predictions, pheneticists 
will have to bring their system closer and closer to evolutionary 
taxonomy (as I think Sokal and Sneath do, when they discuss 
empirically correlated characteristics). Whatever may be the case, as 
things stand at the moment neither taxonomy seems perfect; but both 
Seem to be legitimate tools for the classifier of organisms. 


9 


THE PROBLEM OF TELEOLOGY 


Things happen, ‘effects’, because other things, ‘causes’, make them 
happen. A great many explanations in the physical sciences Io 
causal explanations, in that together with laws they consist © ban 
Specification of a cause in the explanans, the effect of which is dee 
in the explanandum. But this means that in such explanations, i» 
explanans-phenomenon cannot come later (in time) than the 
quplanandum-phenomenon. This is because in the physical sciences 
ere seems to be a curious asymmetry about causes. If something 
ae to be the ‘cause’ of something else, B, then A is tempora y 
should this oe with B. A does not come after B. 

One reason might be that the idea of a future cause is logical 
contradictory, like, for example, the idea of a square circle. Howes 
although some Philosophers seem to dismiss future causes for ben 
reason, to me it is far from obvious that the idea of a future ped 
does contain a straightforward contradiction. Suppose [en r 
piece of chalk 10 feet to the ground. Why is it inherently p 
dictory to suppose that the chalk's motion 5 feet above the 8" Dust 
Is caused by the hitting of the floor, or by the chalk’s motion Mit 
before it hits the floor? Such a future cause does not seem unima® in 
able in à way that obvious contradictions do. Remember Boore 
Alice Through the Looking Glass the White Queen cries only b° this 
she has pricked her thumb. Children and philosophers hi rvy) 
Passage amusing, pointing to the fact that some (albeit topSY- ^ en 
sense can be made of future causes. To my knowledge, ps 
Hegelians find the idea of square circles funny. t they 

Another reason one might give against future causes oa the 
cannot be used in covering-law type explanations (by V 


is t 
jirtu! 
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Covering-law requirements of such explanations); but this also seems 
Not to be true. Suppose, to take an example of Hempel (1965), that 
one wants to explain why a ray of light starting at 4 in one medium 
and arriving at B in another medium goes through point C on its 
Way. One might do this by appealing to Fermat's principle of least 
time (together with other relevant information such as knowledge of 
the refractive indices of the two media) deducing that the quickest 
Toute from A to Bis through C. In this explanation, the explanandum 
event (i.e. passage of ray through C) is explained by reference to an 
explanans which contains talk of events before (i.e. ray starting at A) 
and after (i.e. ray arriving at B) the event of the explanandum. We 
do not think of the arrival of the ray at B as being as a cause of the 
Passage through C; but, from the viewpoint of the covering-law 
aspect of the explanation, there is no reason why the arrival at B 
Should be less of a cause than the start at A (which latter we do think 
€ à cause). 
he real reason for the physical scientists distaste with future 
Causes is, Į think, the ‘problem of the missing or unachieved goal- 
à bject, Suppose, for some reasons, the chalk never hits the ground, 
© Queen never pricks her thumb, and the ray leaves C but never 
E to B. If we allow the possibility of future causes, then we seem 
th be stuck with saying that the falling chalk, the crying Queen, and 
wil travelling ray are all being caused by things which do not and 
out never exist. This kind of position does Seem to be absurd z not 
thi Nightly contradictory. But what alternatives are there open? One 
E One might say is that there must be some other future cause, 
8 © Which will really exist. The trouble with this is that one then 
ms to lose all control and check over one’s scientific hypotheses. 
eg. anything might occur, and it is hard to see how one could 
Was wt the supporter of future causes claiming that it (i.e. anything) 
is the cause of a past event. The other thing that one might say 
Price When the ‘goal-object’—the chalk hitting the ground, the 
Voly €d thumb, the ray at B—is missing, no future causes eed 
causal Just the past and present are needed to give a eomp jad 
future CXPlanation. The trouble with this is that the peice 
sitų, © causes now seems a bit redundant. One has two E en p 
Past M Say of chalk in mid-flight. The one case 1s — ses 
Or p... © Other case is caused by the future; and until the cha. » 
both S to hit ground, one cannot say which is which. a 
Ontol to weigh down one’s science with such a cum : 
the 8y? Why not just treat both cases as if the causes camo ues 
ee PAS, and forget about imperceptible future causes! It hardly 
It ic at one's science will be any the poorer. indt ees 
Or reasons like these, that I think that physical scientists 
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prefer to stick with causes from the past and present. Belief in future 
causes has no place in physics and chemistry, and hence in causal 
explanations (i.e. those specifying the cause in the explanans and the 
effect in the explanandum) we are explaining by reference to the past 
or present and not the future. And indeed more generally, in the 
physical sciences, although one does get cases like the above use of 
Fermat’s Principle, when explanations are given concerning causes 
and effects, causes and only causes tend to get cited in the explanans, 
and thus all understanding involving causes usually involves ex- 
planatory reference to the past and present, and not to the future. 
(Like nearly every other general statement in this book, this claim 
must be qualified slightly. At least one physicist recently has toyed 
with the notion of ‘backwards causation’ (Csonka, 1969). But 
Csonka does not wrestle with the above-mentioned philosophical 
problems with future causes.) : 
However, when we turn to biology, we find altogether less aversion 
towards talk which in some sense involves understanding through 
reference to the future (whether future-causal or not). Biologists are 
always talking of one thing occurring ‘for the sake of’ another; or 
occurring ‘for the purpose of" something, or occurring ‘in order = 
something might happen, or serving the ‘function’ of something else. 
In all of these cases we apparently have one thing which in some way 
at least is directed towards another future thing, which other thing 
in turn throws explanatory light on the earlier thing. NOW» one 
presumes that the problem of the missing goal-object is 00 d 
worrisome for the biologist than it is for the physical scientist. 
question of some philosophical interest, therefore, is that of showing 
that the biologist's explanatory references to the future are not rea’ of 
future-casual or in any other way objectionable. This problem 5 
trying to analyse and understand (i.e. explain) via the fu : 
problem of ‘teleology’—will be my concern in this chapter. © 
literature on causation, specifically future causation, 19 — od 
Mackie, 1966, makes some nice points and contains 2 go 
bibliography.) ny 
I shall begin by considering one class of phenomena which n 
think most clearly involve one in problems to do with teleology 7^ 
I shall show that, whatever else may be the case, these phenomem, 
Dot necessitate an analysis postulating future causes. Secor ut 
Shall consider what we mean when we talk of another E nely 
teleological (or possibly quasi-teleological) phenomenon» -qer the 
that which serves a function in a system. Thirdly, I shall cech of 
nature of biological teleological explanations and the quest hough 
their adequacy. It will be my final claim in this chapter that 2°; e, a 
biological thought does not presuppose a ‘strong’ teleology 
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teleology postulating future causes), in a somewhat weaker sense 
biology has an untranslatable (although perhaps not unremovable) 
teleological element. In a very real manner, biologists do get 
explanatory understanding by reference to the future. 


9. Goal-directed phenomena 
The kind of phenomenon in the organic world which has probably 
attracted most attention from philosophical writers discussing 
Problems stemming from biological teleology is the so-called ‘goal- 
directed’ or ‘directively organized’ phenomenon. In this very wide- 
Spread kind of phenomenon or system we apparently have some event 
Or state, the ‘goal’, towards which the organism (or group of 
Organisms) is directed (or which, the organism is already in), and 
Where, even though obstacles (literally or metaphorically) stand in 
€ organism's way, the organism will in some sense persist towards 
1S goal (or where the organism will persist in regaining the goal if 
* obstacles take the organism out of the goal-state). A typical 
sample of such goal-directedness is afforded by the phenomena of 
"Weating and shivering. A human’s normal bodily temperature is 
Just over 98°F. If the body gets overheated or overcooled, then 
"s start to happen, namely sweating or shivering, ‘in order to’ 
"ing the body back to a normal temperature. And here, if anywhere, 
(i ould seem that we have future causes at work. The final state 
Whi normal temperature) brings about the sweating and shivering, 
te ich, in turn, exist in order to bring the body back to the right 
"perature, ' : 
tis easy to show that, just as in the case of the physical sciences, 
tele Problem of the missing goal-object reveals such a (strong) 
e ological analysis to be inadequate. Sometimes human bodies s 
simil, beyond the stage where sweating can prove effective, an 
` arly, they get too cold for shivering to help much. Hence, y 
insta one to hold a (strong) teleological position, in the case of, d 
ec oce, the martyr being burned at the stake, since (in a successfu 
ong ton) his living body will never regain its normal temperature, 
SWe, “ould hardly invoke the normal temperature as a cause x his 
Seon as the flames first start to lick around the faggots. E a it 
M that an alternative analysis of goal-directedness is nee £a 
ana IA Very general viewpoint, it does not seem that suc dee 
ing IS is unduly difficult to find; but this is, of course, not to say tha! 


anaj, ticular case it might not prove very difficult to give a detailed 


Ysis : E h a particular 
a IS of ls t to say that suc p 
Da] | Boal-directness, nor is 1 y agel (1961), I 


Woy 35 might not prove very complex. Following ? | 
y the SUggest that Ma system is goal-directed or directively organized 
f owing conditions obtain. Suppose we have a system which 
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either exhibits some property or mode of behaviour G, or which, if 
left untouched, would at some later point exhibit G (more briefly, 
suppose that we have a system which is ‘in a G-state’). Suppose that 
the system can be analysed into a number of different independent 
parts or processes and that were one of these parts altered on its own 
and were there no compensating alterations in the other parts, the 
system would cease to be in a G-state (i.e. G would be lost, and, 
without compensating move, would never be regained). However; 
suppose that in the system, whenever at least some of these initial 
alterations occur (call them ‘primary variations’) other parts in fact 
compensate (by what we might call ‘adaptive variations’) in order 
to bring the system back into a G-state. A system like this is, I think, 
properly called ‘goal-directed’, and it should be noted that it has not 
been necessary to postulate the existence of future causes, nor has it 
been necessary to suppose that the goal (i.e. achieving or returning 
to a G-state) must always be reached. It is quite possible, indeed, as 
far as the organic world is concerned, invariable, that some primary 
variations will prove so disruptive that the system has no adaptive 
variations strong enough to return it to a G-state. The goal cou 
be lost forever. 

Nei going on, in order to avoid objections a couple of poli 
1ould be made about this characterization of a goal-directed syste 
First, it cannot be denied that many such systems may exist in to? 
non-organic world—my concern here is only in the organic worl 
If there be any real differences between living and non-living ant 
Ido not think they lie here. (Later, I shall mention where I think they 
do lie.) Secondly, I think that, as in most cases, our idea © 
directedness is a little blurred at the edges. Suppose ? pri! 
variation took a system out of a G-state, and that although ts 
off response variations (e.g. the martyr’s sweating as the fire he? a 
up), these Were not strong enough to bring the system back E 
state. I think possibly we might speak of the system being oi 
directed (towards a particular goal) if the response variations beri 

normally adaptive (in the sense that they would bring the syste 
back to a G-state) even though they could not bring the system ally 
to a G-state in this case. If the response variations were not red 
adaptive (e.g. the burning of the martyr’s flesh as the fire hu 
then the system would not be goal-directed in this respect even 
loose sense. " o fat 
_ Now, I admit candidly that the trouble with the discussio® of the 
is that it is all a little bit too abstract. As Taylor (1964); p timate 
strongest contemporary advocates of some kind of leg can in 
teleology, asks, how can we be sure that real-life situation’ -c just 
fact be analysed according to this model? The non-teleo og 
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Seems to have specified the kinds of conditions he would like to find 
In the world, and then, a priori, he claims that such conditions do 
hold in the world. And even those who in no sense seem to want to 
adopt a position supporting teleology seem less than comfortable 
With such an abstract analysis as that which I have just offered. For 
example, Gruner (1966) feels that all consideration of goal- 
directedness along the lines just given has ‘too much of an anthro- 
Pomorphic flavour’, and I think that he would just like to avoid 
80al-directedness altogether. 

To be honest, I do not really see how one could persuade the 
determined critic of the analysis I have just offered, other than by 
4 case-by-case consideration of every instance of goal-directedness 
Occurring in biology, and I doubt if we should ever be able to do this 
1 practice, even if we had the time and energy. Some situations are 
Just too complex. However, one can offer some fairly completely 
analysed instances of goal-directedness showing that they do fit the 
Model, and I think that even a little success makes an objection like 

aylor’s seem less ominous. Moreover, one can certainly show that 

Tuner’s fears are quite unjustified—such an analysis smacks not at 
all of undue anthropomorphism. As an instance of a goal-directed 
p “nomenon which can be analysed along the lines suggested, I offer 

© following. à 
" any species of birds have a remarkably stable clutch-size. For 

Xample, the clutch of a petrel is normally 1, of a pigeon 2, of a 
m 3, ofa plover 4, and so on. This is obviously not something 
s Ich. occurs by chance, since the egg-number characteristic ofa 
ds Scies is far too constant for chance, and in any case, it is clear that 
ps Of the birds are actually laying below their physiological limit. 
qd an egg is removed, the bird will bring the number up to the right 

Ch-size, Furthermore, whatever it is that is keeping the clutches 
is „© Sizes that they are must be something essentially genetic. As 
er ell known to poultry breeders, rate of egg-laying is something 
Si y directly under the control of the genes—alter the genes in any 
nu “cant fashion, and this will be reflected in an alteration in egg- 
án er. However, even though the chances of an individual mutation 
Dar EY slight, overall one would expect some mutations In a 
C m ar species, enough to cause some change in sg on 
ding tently, it would seem that we have here an instance of goal- 
of te hess. The plovers, for example, are in a G-state, namely that 

h E š ite di i larly any 
Benet 108 a clutch-size of 4, and despite disruptions (particu ee 
B re i disruptions) they persist in this G-state. Hence, an analysis 

‘Wired, 
of analysis offered by evolutionists is that the particular ol 
aid by a species like the plover is a result of selection. Birds 
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are best capable of raising a particular number of young—4 in the 
case of the plover. Any more young, and they will get insufficient 
food and parental care, and hence not be as fit as birds from a clutch 
of 4, and this lack of fitness will outweigh the increase in number. 
Any less young, and there will not be as many as the birds from a 
clutch of 4 (but, bird for bird, those from the clutch of 4 will not be 
appreciably less fit than those from smaller clutches). Thus there is 
strong selective pressure in the direction of a specific clutch-size. 
(See Lack, 1954, for full details. Wynne-Edwards, 1962, would not 
accept this analysis, arguing instead for some kind of 'grouP 
selection’. But see Lack’s effective counter in Lack, 1966, and 
Williams’, 1966, devasting critique of group selection.) ; 
The question which now needs answering is whether or not this 
analysis offered by the evolutionist fits the model for goal-directe 
behaviour offered by Nagel. It is fairly obvious that it does. We have 
Systems, namely populations of species of birds. These systems can 
be analysed into different independent parts, namely the individual 
birds. Ata certain time of year these birds exhibit a specific proper 
rid the laying of eggs in certain clutch-sizes. At other times 9 
€ year, the birds do not exhibit this property, but if left untouche 
and given time, they will exhibit the property ‘again (i.e. in the nex 
ih ring). Hence, the systems are in G-states. Suppose now that er 
ese parts of a system (i.e. a bird) is altered—say one of the birds 
carries a new mutation, so that it has a different clutch-size from the 
em For example, if it is a plover, then it might have 3 eg os 
nis rather than the normal 4 eggs. This is a primary variation 
„nothing else changes, then the system will no longer (and neve 
will again) have the G-state it was in previously. The clutch-size fo 
at least some of the members will always be different from 4 (we on 
assuming fairly normal inheritance, a large population, and rando 
interbreeding—in fact, of course, to increase the chances that. ns 
abnormal genes are passed on it would be best to assume mutatio; 
affecting clutch-size in more than one bird). But what happen in 
reality is that the rest of the system compensates for this chang 
the clutch-size of one bird, and the compensating changes are evig 
(s bring the System back into the original G-state (e.g. state af T the 
d = po ti what happens is that certain ve parts © e 
[rade er birds) do things which they woul à 
e original disruption (i.e. the mutation) not occurre' ende?" 
of the disruption, these other birds (with normal clutch-SIZe ne s0 
cies) will reproduce, when they would not normally have rod of; 
This is because the mutant bird will either have fewer offsp e the 
if it has more offspring, have weakened offspring. Assum g there 
first alternative, other birds will be able to reproduce becaus 
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will be fewer of the mutant’s offspring against which to compete. 
and assuming the second alternative, the other birds will be able to 
Teproduce because they will be stronger than their competitors 
Possibly they will be able to push the competitors out, or possibly 
* competitors will fall by the wayside for other reasons, e.g. the 
Weather). In either case, those birds genetically programmed for 
Normal clutch-size will have a reproductive advantage over the 
mutant, and because of this, they will be the ones which are selected 
9r whose offspring are selected). Hence, the population will gradu- 
ally be brought back to a state of exhibiting G (i.e. normal clutch- 
Size), through adaptive variations. 
ae is clear that we have here a paradigmatic example of a goal- 
Irected system as defined by Nagel. Even though, on first sight, the 
Uture G-state apparently controls the earlier adaptive variations, in 
act there is no need to appeal to future causes at all. Nor need one 
€ Worried if, once lost, the G-state is never regained (i.e. if we have a 
Missing goal-object). Suppose all of the birds of a population mutate 
2m for example, a clutch-size capacity of 4 to one of 12. In this 
S ad none of the birds will then be any fitter than any of the 
ers, and they could well all over-extend themselves in one season, 
clit thus the population could die out without ever regaining a 
jm Ch-size of 4. The theoretical analysis which has been offered can 
s €pt this kind of situation. Finally, let us note that the analysis in 
Une Sense implies undue anthropomorphism, and thus Gruner’s 
ase at the thought of non-human goal-directed systems is 
X Arranted. (This is not to deny that in using a word like ‘goal 
is fin using a word first used in the human world. This, in itself, 
Ed Objectionable. What would be wrong would be if we were 
st acting things like desires and wants and conscious intentions 
it "laa into the non-human organic world. This we have not found 
ani Cessary to do, although I myself suspect that some of the higher 
mals do have a limited human-like consciousness.) d 
th hilst one could probably write quite a bit more directly about 
Speen of goal-directed systems, I want now to turn to another 
of ct of the problems of teleology in biology, namely the problem 
hay; êt a biologist means when he speaks of something serving or 
t at once, our knowledge 


Blea; ng a ‘function’. As we shall see almos peg 


ed in this section about goal-directed systems wl 

95 B 

tts “Nctional statements 

Wi 4 that Something has or serves a part 

For xa p mething which is in some sense 
ple, if I say that the function o 


icular function, then I am 
(apparently) teleological. 
f the beating heart is to 
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iss t i the 
circulate the blood, then what I am saying is that n ee 
(earlier) beating heart exists for the sake of the is n = per ES 
blood, or exists for the purpose of circulating the ae ee that 
for the simple reason that sometimes functions are x. js s ad 
the teleology of a functional statement is not UM x or fniurà 
‘strong’ teleology (ie. that there is No presupposi = Adan 
causes in our understanding) the question still remains o; apices 
to unpack a functional statement, showing that à ie uii 
objectionable or mysterious about such a. eee a (1961), 
widely known attempt at such an unpacking is that o rift 
and so I shall begin by considering this. It will be my pem plani 
Nagel is not merely wrong, but looking entirely in the v eg 
tion. As soon as his fundamental misconception is revea qe e 
think that the correct translation of a functional mene Tir 
found without too much difficulty. (Such a translation wa PEEN all 
the talk of functions; but this is not to say that it will elim 
reference to the future.) 


: ich Nagel 
The example of a functional statement around whic 
conducts his analysis is: 


erform 
The function of chlorophyll in plants is to enable plants 13 Pater in 
photosynthesis (that is, to form starch from carbon dioxide 
the presence of sunlight). (Nagel, 1961, 403) 


' : H ements: 
Nagel argues that this statement is equivalent to two stat 


nthesis 
(1) Chlorophyll is necessary for the performance of photosy 

in plants, 
(2) Plants are goal-directed. 


š ind is the 
T assume, from his examples, that the goal Nagel has 1n m 


survival and reproduction of plants. upon the first 

Now most criticisms of Nagel concentrate solely * ably P 
translation statement, the argument being that nien ° that is that 
could perform photosynthesis without chlorophyll, man, 19652) 
chlorophyll is not necessary for photosynthesis (e.g. pe by this type 
However, it is unclear how devastated Nagel would himself, ane 
of criticism, since he does in fact raise the criticism. gu *althoug 
Whilst admitting that it is in part well-taken vic s; of maintaining 
living organisms (plants as well as animals) capable of chloroP 
themselves without processes involving the operation ears tO 
are both abstractly and physically possible, there pon green 
evidence whatever that in view of the limited capac anization: 
Possess as a consequence of their actual mode of eel 404). PerbaPe 
organisms can live without chlorophyll’ (Nagel, 19 hat the choice 
the easiest solution to criticisms of (1) is to admit t 


fari 
Jants 
p € 
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the term ‘necessary’ is somewhat unfortunate, and to replace the 
Statement by the true 


(1^) Plants perform photosynthesis by using chlorophyll. 


After all, even though Nagel’s reply is probably well-taken and 
chlorophyll is in some sense necessary, from a more general view- 
Point, if we were to say that one thing x served a function y, it is 
doubtful that we would necessarily want to say that x was necessary 
for y, Suppose there were another thing, x’, which was an alternative 
Way of getting y. We would still say that the function of x was to 
get or do y (and, similarly, the function of x’ was to get or do y), 
Whilst admitting that neither x nor x’ alone was necessary for y. On 
the other hand, we do clearly claim that x, in some sense, gets or 
oes y, One could hardly say that x had a function involving y, if 
X never had any part in bringing y about. 

Clearly the above functional statement (Le. that chlorophyll's 
unction is bringing about photosynthesis) must imply more than 
1l’), otherwise all kinds of true statements of the same form as (1°) 
could be translated into false functional statements. Thus consider 
the statement: 


(3) Long hair on dogs harbours fleas. 
Even though (3) is true, no one would want to claim: 
(4) The function of long hair on dogs is to harbour fleas. 


Nager's second statement is supposed to prevent this kind of move, 
E It is here I suggest that his gravest error lies. The error is not 

much that the appeal to goal-directedness fails to rule out every 
Fg of incorrect translation, although it certainly fails to do this, 
bs Nagel would have to allow (4), because not only is (3) true, 
i So also is the statement that dogs are goal-directed towards 
alee Rather, the error is that the appeal to goal-directedness is 

gether inappropriate. To see why this should be so, let us 
guider the kind of evidence which would lead us to accept (4) as 


ha uPPose someone had kennels in which they kept Afghans (long 
ig and Salukis (short haired). Suppose also that they found that 
th: the whole the Afghans lived longer than the Salukis, so much so 

» because of this discrepancy in lifespan, the number of offspring 
ghan was significantly higher than the number of offspring 
luki. Suppose that it was discovered that the reason why 
ans have a greater life-expectancy is because the Salukis 
tract some kind of mysterious incapacitating parasite carried by 
ertain species of insect, and that Afghans are not affected by the 


Per Sa 
Afeh 
Con 

a ci 


184 The Philosophy of Biology 


parasite because they carry more fleas than the Salukis (because of 
their longer coats) and fleabites provide immunity from the parasite. 
Finally, suppose that some biologist or veterinary surgeon heard 
about this, and by further investigation discovered that it seems to 
hold generally for both domesticated and wild dogs that, in regions 
where the parasite is common, long hair (because it harbours fleas) 
tends to increase life-span (and potential reproductive power). I 
think if he were to report this astounding conclusion to the world, 
no one who accepted his evidence would deny him if he said "The 
function (or at least, one of the functions) of long hair in dogs is to 
harbour fleas’. 

Why should the above hypothesis about the links between long 
hair, fleas, and immunity from disease make any difference to our 
feelings about the appropriateness of saying that the function of long 
hair is to harbour fleas? It seems clear that the reason is that, given 
the truth of the hypothesis, harbouring fleas has been shown to play 
an important role in the survival and reproduction of the particular 
species under discussion. That is to say, we would expect a group ° 
dogs which harboured fleas to have a better chance of survival an 
reproduction than another group, identical in every respect except 
that they did not harbour fleas. Of course, since the hypothesis i$ 
false, It is easy to see why at present we definitely do not think that 
a function of long hair in dogs is to harbour fleas. If anything W? 
believe the reverse, since fleabites can be detrimental to the health 
of a dog. 

, Returning to a more general level, we can now see that the claim 
ie function of x in z is to do y’ implies that y is the sort of thing 
Which aids the survival and reproduction of z. Now this is the Kis 
of thing which, as we have seen, biologists call an ‘adaptation - 
(Actually, up to now, we have usually spoken of adaptations aS = 
actual phenotypic characteristics rather than as the process 


m 
iis a brought about by the characteristics. However, Um 
ptation” seems extendable in this way, although no Con- 


aspect of the present analysis rests on such an extension. to the 
sequently a functional statement in biology draws attention ething 
a that what is under consideration is an adaptation or som Hence 
y ich confers an ‘adaptive advantage’ on its possessor. 
agel’s example of a functional statement is also asserting, ional 
1 " 2 — i 
t Wright (1972) in criticizing an earlier version of this analysis of t allowing 
a Amene by me, Ruse (1971c), points out that one must guard agains oduction: 
i unctions ‘one-shot’ items or processes which aid survival and repr U 
ay helped reproduction just once (with no expectation of a repea tion. o 
oe dismiss it as an ‘accident? and would not talk in terms O jc appropriat® 
i ts 1s preserved and perhaps improved by selection is function-talk ration * 
and, of course, only under such circumstances would we talk of adap 
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(2') Photosynthesis is an adaptation; that is, plants which perform 
photosynthesis are more likely to survive and reproduce than 
plants which are identical with them in every other respect 
but which do not perform photosynthesis. 


(One could, as I have just pointed out, alternatively interpret Nagel’s 
*xample as pointing to the fact that chlorophyll is an adaptation, 
although one would also have to indicate that it is an adaptation by 
Virtue of the fact that it leads to photosynthesis. If photosynthesis 
Were merely a by-product of the adaptive working of chlorophyll, 
then, as a supposed counter-example to my analysis will demonstrate 
later in this section, it would hardly be a ‘function’ of chlorophyll 
to perform photosynthesis.) 

Now where does this leave Nagel’s claim that his functional 
Statement also implies (2) (i.e. that plants are goal-directed)? If it 

oes in fact imply (2) then there are four important possibilities open. 


(a) The statement implies (1^), (2), and (2^), where these are three 
logically independent statements. "e 
s P The statement implies (1’) and (2), and further, (2) is equivalent 

?. 

(c) The statement implies (1^) and (2), and, although (2) and (2^) 

ate not equivalent, (2) implies (2’). i 
) The statement implies (1’) and (2), and, although (2) and (2) 

Te not equivalent, (2’) implies (2). 

At this stage of the discussion we can ignore possibilities such as 
ü ) alone implying (2), or (1^) and (2^) together but not alone 
ae lying (2). In itself, the statement that plants use chlorophyll when 

1Y perform photosynthesis tells us nothing at all about the goal- 

Tectness of plants. However, later, we shall find a class of functional 
in, ments where the statement ‘z uses x to perform y’ does have 

Plications about the goal-directedness of z. :- P WP 
to "Ibport for a position not unlike one of these four possibilities is 

be found in a recent article by Ayala. Ayala (1968, 218) considers 

© functional statement ‘The function of gills in fishes is respiration’. 

t © agrees with Nagel that such a statement implicitly implies dad 
bu, Particular system being considered (i.e. fishes) is goal-directed; 
€ also argues that ‘in addition it implies that the function exists 
ause it contributes to the reproductive fitness of the organism 
Stare à, 1968, 219). In other words, he believes that the functional 
bec. Ment points to the fact that gills in fishes are adaptations 
fith se fish which respire have a better chance of reproducing than 
t sure which of the four possibilities 


Ich do not respire. I am no h oft 
Sen à Would support, although I rather think it would be (c). He 


to accept Nagel’s claim that functional statements imply goal- 


beg 
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directedness and then argues that ‘Teleological mechanisms and 
structures in organisms are biological adaptations’ (Ayala, 1968, 216). 

Of the four possibilities, the canine example seems to rule out (a) 
and (c) immediately. It was possible to give the sorts of conditions 
which would lead us to accept the statement ‘the function of long 
hair in dogs is to harbour fleas’ as true, without mentioning the goal- 
directedness of dogs at all. We showed that the peculiarity of à 
functional statement was that it referred to an adaptation. Hence it 
would seem that a functional statement can only refer to the goal- 
directedness of a system if it does so by virtue of the fact that it 
refers first to an adaptation and then, this in turn, explicitly or 
implicitly implies goal-directedness. (In rejecting (c) I am saying 
nothing about the adaptiveness of goal-directed systems in nature. 
What I do deny is that Nagel’s statement implies (2^), by virtue © 
the fact that it implies (2). This it certainly does not do, because what 
we would need to infer is not merely that goal-directed systems are 
adaptive, but that the particular adaptation in question is photo" 
synthesis.) But, given our discussion in the last section, it seems Very 
doubtful that if we say of something that it is an adaptation, We ~ 
thereby saying anything about the goal-directedness of the system 
in which it occurs. Goal-directedness, as we have seen, requires " 
adaptive response given a primary variation. However, if I say 3 
something that it enables its possessor to survive and reprodue 
(i.e. that it is an adaptation), I do not necessarily say anything at E 
about what might happen were circumstances to change in any ae 
thus triggering a primary variation. Indeed, I might think that pe 
there any significant change, no response would be possible 2 of 
purely by virtue of the formally-adaptive character, the cum d an 
Survival and reproduction would be practically nil. For examp np, 
organism living in the Arctic might have a white adaptive Cover 
but be highly (and detrimentally) conspicuous were the backers in 
changed from snow and ice to fields and woods. In other WO ro; 
talking about adaptive advantage and adaptations, One : 
necessarily saying anything about goal-directedness. 

Therefore neither (b) nor (d) are true. Hence Nagel’s fun 
statement does not imply (2) (that plants are goal-directed). to state 

On the basis of this discussion we are now in a position eralize 
the equivalent non-functional formulation of the £9? 
functional Statement, 


ctional 


The function of x in z is to do y. 
It is: 


(i) z does y by using x. 
(ii) y is an adaptation. 
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Further, we can also state that (ii) does not imply 

(iii) z is goal-directed. 

Three possible objections must now be answered. The first 
objection is as follows. Although it is logically possible that an 
organism (or group) be in no way goal-directed towards survival and 
Teproduction, as a matter of empirical fact it is highly unlikely that 
One would ever find an organism or group of such a kind. If it were, 
then at the slightest environmental change it would probably die (or 
at least become sterile). Hence, it would seem that every organism 
and group is in some sense goal-directed. However, since functional 
Statements refer to things which have adaptations, and since the 

ings which have adaptations are organisms, it would seem that 
Unctional statements always refer to things which are goal-directed. 

Onsequently, whenever we use a functional statement we imply that 
the thing to which we refer is goal-directed. The implication is 
Implicit, not explicit; but it is there nevertheless. 

I his objection rests on a confusion between meaning and reference. 
Quy indeed be the case that every organism is goal-directed; but 

15 fact does not mean that every statement which we use to refer 
$ the organism has a hidden meaning which implies that the 
ewenism is goal-directed, and in particular, it does not mean that 
diy functional statement implies that the organism is goal- 

rected, To draw an analogy, every living man has a heart and brain 
Persons in the middle of transplant operations excepted); but if I 
e that man has a brain, this in no way implies that he also has a 
acne It is true that he does have a heart; nevertheless, I have said 
a hing about this. Similarly, an adapted organism will probably be 
Boal-directeq organism; but to say the first does not imply the second. 
Tey, © second objection to my analysis of functional statements 
mi Olves around the way in which I have defined adaptation. A critic 
Bht Concede that part of the unpacking of a functional statement is 


to un feel unhappy about my claim that saying this is equivalen 
“Ying that 

i”) X is the sort of thing which helps in survival and (particu- 

m larly) reproduction, . ! 

Wit Other words, that (other considerations kem dm organism 

Withoug N a better chance of surviving and reproducing tha: 
Vera] People have offered the false statement: 

as The function of the heart is to produce heart sounds, 
“"PPosed counter-example to an analysis like mine (e.g. Lehman, 
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1965b). They feel that if my claim merely were that a functional 
statement unpacks in part to something like (ii), then they could be 
happy to agree that since 


(6) Heart sounds are an adaptation 


is so obviously false, this shows that (5) must be false. But, since my 
claim is also that (ii) is the same as (ii’”), then the complete unpacking 
of (5) comes out as 


(7) The heart produces heart sounds. d 

(8) An organism (one with a heart) which produces heart soun 5 
has a better chance of surviving and reproducing than one 
which does not produce heart sounds. 

it would 

posedly 


s true. 
t of a 
without the 
less likely to 
s. 


he idea of a” 
s the idea 
] reasons, 


t things li 
nb o 
frictionless objects (or perfectly elastic bodies), although CY xin that 


knows that they cannot exist (for physical reasons). Th 
we know what it is like to go in the direction of com 
lessness (or perfect elasticity), and thus, although we ca 
the limits, it seems possible to imagine how something à 
would be if it could exist. Similarly, the biologist knows rt soun 
like to cut down from really thumping heart sounds to ue ake 
which are almost imperceptible. Moreover, doing this seem siti mate 
no difference to survival and reproduction. Hence, it seem i nd to say 
to push the idea of low-level-noised hearts to the limit ence 
that having no heart sounds at all would make no pour that $^ 
organism’s reproductive ability, even though We E ossibility: 
organism without beating-heart sounds is an empirical imP 


n neve 
t these m 
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The third and final objection is, perhaps, more searching than the 
Others. It is obviously rather artificial to talk, as we have done, of 
an environment E and to suppose that this is some stable, unchanging 
thing which can be distinguished clearly from all other environments, 
E' etc. In fact, every environment considered for more than an 
Instant will change somewhat, and organisms within them will have 
to respond to the changes. Surely, therefore, since adaptations are 
the things which help organisms survive and reproduce, it is proper 
to talk of the very mechanisms which help the organisms to respond, 
as adaptations. Thus, for example, the mechanisms which keep the 

uman body at a constant temperature are adaptations, since a man 
With his body at a constant temperature has a better chance of 
Surviving and reproducing than one whose body temperature 

Uctuates wildly. But, in such a situation, does not a functional 
Statement like 


(9) The functions of sweating and shivering are to keep the body 
at a constant temperature 


11 fact imply implicitly that the system under consideration is goal- 
‘tected, for in order to grasp the very notions of sweating and 

müvering we must understand them as contributing to the goal- 
'tectedness of the system of which they are a part. In other words, 

n there not times when translations along the lines proposed by 
gel are correct? 

t must be concealed that insofar as the above argument proves 
àt some functional statements in some sense imply the goal- 
Tectedness of the systems under consideration, it is correct. Hem 

t, it does not prove either that all functional statements imply 
i» -directedness or, the related point, that translations aope à e 
S Suggested by Nagel are correct. To see why this should be so, 
Slder how (9) should be translated. We have 


(10) Sweating and shivering help keep bodies at constant temper- 
ature, 


l 
Con, 


ang 


€ A body's being kept at a constant temperature is an 
adaptation. . d 
fun, Statements (10) and (11) convey completely the e oa i 
thay lona] Statement (9). Further, we can infer from (10) Pe i 
loi at is under consideration is a goal-directed = ere = En 
fag, at we infer this fact from (10), not (11). That is — 
‘lly jt being at a constant temperature 1s an adaptation E 
V Us to infer that bodies are kept this way by goal-directed sy i 
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Consequently, considering the generalized functional statement 
The function of x in z is to do y, 


the only time that we can infer goal-directedness is when the first 
part of the translation, (i), implies goal-directedness. Obviously in 
many, if not in most cases, the first part of the translation does not 
imply goal-directedness (for example neither (1’) nor (3) imply it). 
Hence, most functional statements do not imply goal-directedness. 
Further, even in those cases where it does imply goal-directedness, 
Nagel’s proposed translation is still incorrect. He would claim that 
(9) translates as 


(10^) Sweating and shivering are necessary for the keeping of 
bodies at constant temperature; 
and 


(11°) Bodies are goal-directed (toward survival and reproduction). 


For him, as we have seen, the goal-directedness would come in the 
Second part of the translation, whereas, if it is to come anywhere, 
it must be in the first part. It is easy to see that (10) and (11) cannot 
possibly be the correct translation of (9) because if it were eoe 
that the fact that bodies are kept at constant temperature nes Pa 
difference to the reproductive fitness of men, then even if (10) an 
(11') were true, (9) would still not be true. 

It should be clear by now that Nagel’s approach 
There are indeed goal-directed Systems in nature. But W. ing a 
of something having a function, to talk of the very fact of d 
function I$ to say nothing at all about goal-directedness (unless T 
1s specifically talking of the function of the actual goal-directedn is 
of à System). Rather, talk of functions implies talk of abilities 
Survive and reproduce.? 


is incorrect. 
hen one talks 


9.3 Teleological explanations in this 
i 


m j : . iscussed 
onnected with the two kinds of things we have disoun S pga 


chapter—goal-directed systems and things having func est 
finds two different Kinds of mucus e, although I shall MES 
that only one of these kinds is in any interesting sense 4 *teleolog 
explanation’. I shall now look briefly at these two kinds. (res 
odern context. 


2I am, of Course, restricti i i o t gri 
1 the m o! 
, » ting my discussion t t ckgroun ny 


Darwinians talked of ‘functions’ and ‘adaptations’ without ‘ming that 
theory of evolution through natural selection. I am not therefore claim! oci urred; 
analysis is applicable to every instance of function-talk that has ove would not 
but I do think it applies to such talk in modern biology. One W "971, who 
accept my connexion between adaptation and function is Mun J critici? 
Offers three reasons why he thinks such a close link to be untenable. 

Munson in Ruse (1 972), and Munson (1972) is a reply to me. 
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In a typical goal-directed explanation we consider a system which 
has actually achieved its goal or which is performing adaptive 
variations of a kind which would normally lead to a goal. The prob- 
lem Is to explain how the goal or the adaptive variations come about, 
Blven an initial disruption (i.e. a primary variation). From a philo- 
Sophical viewpoint this kind of explanation does not seem very 
troublesome, and in particular, it does not seem necessary to suppose 
that such an explanation will be other than a straightforward 
Covering-law explanation. (It must be reiterated, this straight- 
Orwardness is one of theory, not of practice. An actual goal- 
directed explanation might be very complex.) 

. ^ good example of the kind of explanation I have in mind here 
55 that which explains the plover's G-state, namely the having of a 
Clutch-size of 4, The explanandum is the fact that the clutch-size is 4 
Or, if the G-state is supposed not yet to have been achieved, whatever 
© average clutch-size might be at the time the explanation is 
9manded). The explanans contains some statements about initial 
Conditions; For example, there will be information about the fact 
that the clutch-size of some of the birds has been lifted (or reduced) 
a 4, and together with this will be information to the effect that 
the Change in clutch-size is a function of a genetic change (possibly 
© normal allele 4 has been changed to a mutant a). Also the 
*Planans will contain the information that the carriers of the 
winormal genes (i.e. a rather than A) are at a selective disadvantage 
n Tespect to the normal gene carriers. Obviously, if the biologist 
Pes to find just how many generations are needed to reachieve the 
“State, he will have to attempt to quantify this selective disadvantage. 
mally in the explanans we will find laws, for example, the Hardy- 

“inberg law. Then, from all of these items in the explanans, in a 

nner discussed in earlier chapters, the biologist can hope to infer 

Way in which the gene-ratio of the abnormal genes (causing 
wij mal clutch-sizes) declines. His conclusion, the explanandum, 
achja ther be that the abnormal genes vanish (i.e. the G-state is re- 

teved) or that, assuming insufficient generations have elapsed for 
in, È imination, that the abnormal genes have been much reduced 
the Mber, (More accurately, his ultimate conclusion will be about 

phenotypic effects of the vanishing of the abnormal genes.) 

exp 355; as I have said, is an unexceptional example of a covering-| a 
mop ation, and hence, after one final comment, I shall say little 
Rene about this kind of explanation or about goal-directedness in 
Senge” : My final comment about goal-directedness is that, p a 
bean? I think the philosophers’ concern with haa ea ] a 
tleo Mething of a red-herring as far as the whole topic of bio ogica 
98y is concerned. Biological goal-directed systems are, I think, 
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often very complex and very interesting kinds of biological adapta- 
tions—they seem to relate to ends in a rather more dramatic way 
than do non-goal-directed adaptations. However, I suspect that this 
is all a question of degree, and that in themselves biological goal- 
directed systems have no kind of even apparent teleology other than 
that which any functional system has. (Because they are so complex; 
I doubt whether in nature one does ever get a biological goal- 
directed system which is not either an adaptation or adapted.) For 
this reason, disregarding for a moment the functional aspect of goal- 
directed systems, one can, as I argued in the first section of this 
chapter, eliminate without trouble any apparent reference to future 
causes, and for this reason goal-directed explanations cause nO 
special difficulties. Also for this reason it has proven impossible to 
distinguish between à biological phenomenon like sweating and a 
non-biological phenomenon like a swinging pendulum, because, 
questions of function apart, there is no essential difference (see Wim- 
satt, 1970). Thus, what I would conclude is that in a way the 
phenomenon of goal-directedness (although usually, if not always: 
Occurring in a functional situation) has hindered the philosopher m 
his quest for the correct analysis of biological teleology Gt certainly 
has in the specific case of Nagel). If there is some kind of interesting 
biological teleology to be found in biological goal-directed systems 
it is purely by virtue of the fact that, almost inevitably Gf no 
inevitably), they are biologically adaptive systems.? 

I come now to the second kind of explanation to s ne 
functional explanation. This is the kind of explanation in which © cs 
tries to explain the existence of some part of a system by api 
to its function (or functions). This part of a system could be eit 
a part of an organism (if the organism were the system); hole 
System were a group of organisms, then the part could be a 7 s o 
organism or a subgroup of the whole group. Typical examp rund 
functional explanations are the explanation of the eye by ras of à 
to the fact that it serves the function of seeing, the explanation ion 
Wwoman’s breasts by reference to the fact that they serve the € 
of feeding children, and the explanation of the plover's clute forth 
reference to the fact that they serve the function of brings ar of 
young. Obviously, in one explanation one might cite a pw func 
functions an item serves—for example, eyes not only serve t 

oon 


il 
3 i : s heavi” ,; 
Nagel’s problems stem from the fact that his analysis de daptedn ae 


Sommerhoff (1950). In that work su osedly we get an analysis © 

terms of goal-directedness. What ae in fact is an analysis 0! Ry 
term biologists use when organisms respond in the face of change. east 
the quote on p. 100 Manser uses ‘adaptable’ when he means, OF at 
should mean, ‘adapted’. 


be discussed; 
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tion of seeing, but also, in some cases, of attracting members of the 
Opposite sex. 

Now, there are a couple of matters of philosophical interest 
arising from functional explanations. First, let us look at a charge 
made by Hempel, namely that functional explanations are usually 
less than adequate. Hempel tries to spell out in detail the form of a 
functional explanation, in order to see how closely such an explan- 
ation conforms to the covering-law model. Speaking generally of a 
trait i in a system s (at a certain time 7), he offers the following 
general form of a functional explanation of 7. 


(a) At t, s functions adequately in a setting of kind c (characterized by 
Specific internal and external conditions) ] 
) s functions adequately in a setting of kind c only if a certain neces- 
sary condition, 7, is satisfied 
(c) If trait i were present in s then, as an effect, condition z would be 
Satisfied 


(d) (Hence,) at t, trait i is present in s (Hempel, 1959) 


Hempel points out that, formally, this argument is invalid—in 
Particular, it commits the fallacy of affirming the consequent. The 
conclusion would follow only if trait i were necessary for condition 
n. Since it is not, Hempel claims that in no sense can we claim that a 
Unctiona] explanation gives us an adequate covering-law explanation 
at all hence, Hempel claims that we have no adequate explanation 
all), 
My own feeling is that Hempel is altogether too severe on 
unctional explanations when he argues in this way. Admittedly, 
Some functional explanations may be inadequate for the reasons he 
ives; but then, I find it implausible to suppose that any biologist 
Would be satisfied with them. Under normal circumstances I would 
it Beest that when a biologist offers a functional explanation of an 
70, he is in fact supposing that the item is necessary 1n some sense 
the condition which it is causing (although, as we saw in the last 
qon, usually if one says merely that something serves a function, 
the 18 to say nothing about its necessity). Hence, I would sonde 
ex b from the viewpoint of the covering-law model, functiona 
i Planations create no problems. (The required law in the explanans 
n of course, (b); but I think that (c) or its substitute would also be 
Wlike, although perhaps just in a loose sense.) ‘and 
ex N Support of the point I am making, take for example a functiona 
wPlanation of a cow's udders. The explanation normally offered 
9uld be that a cow's udders serve the function of supplying food 
G 
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for the very young. Now, let us spell this explanation out in the e 
of Hempel, filling out details in the light of our discussion in er ie 
section (but dropping things not pertinent to the discussion, like 
reference to a time f): f 
(A) Cows are well-adapted (i.e. they have a good chance 0 
surviving and reproducing). 
(B) Cows are well-adapted only if they have the means to feed 
their very young. . " 
(C) 1f cows have udders, then they can feed their very young. 


(D) (Hence) Cows have udders. 


- n ink that 
Obviously, as it stands, this argument is invalid. But I think th 
biologists would also hold 


(C’) Cows can feed their very young only if they have udders. 


and then, of course, (D) follows without trouble. Naturally, us of 
not to deny that it is logically possible to find some other tts 
feeding very young cows. The point is that, as things stan unless 
moment (and excluding, of course, the interference of man), red 
mature cows have udders, baby cows will starve. Thus, in à be ete 
sense, the udders are necessary for the continuation of 2o nation 
This being so, I see nothing wrong with offering as an expe 
of (D), a functional explanation based on (A), (B), (C): . way of 
Moreover, were it the case that cows had an alternanta a food 
feeding their young—say they could regurgitate partly ame to as 
as some birds do in courtship—then I think that if one e this fact 
for an explanation of a cow's udders, a biologist would z ‘elaborate 
into account. For instance, if cows did in fact have two e would be 
independent Ways of feeding their young, presumably ther ditions © 
some reason for it. Possibly, because cows live in od suckle in 
fluctuating food supplies, they regurgitate in plenty an E 
famine. Tn this case, I think the biologist might alter (B) 


ir very youn’ 
(B') Cows are well-adapted only if they can feed their very 
under all conditions. 


His final premise would now become 


:Hons only ! 
(C") Cows can feed their very young under all condition 
they have udders. and (D) 
Given the fluctuating environment (C^) would be re y, if the 
would continue to follow without trouble. Alema of differen, 
biologist could find absolutely no reason for the erg drop } 
ways of feeding the young, then I think he would J 
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original explanation (rather than holding on to its invalid shell as 
Hempel implies). The biologist would now claim only that he could 
explain why the cow had feeding methods—not why the cow had the 
Particular methods that it had. In other words, I would suggest that 
whilst possibly the social scientists are more lax in this matter, 
€mpel’s criticism is not entirely fair to biologists. 
_ The other point I want to make about functional explanations 
Involves the order in which they present cause and effect. Normally, 
although as we saw at the beginning of this chapter not invariably, 
When causes and effects are involved the physical sciences explain by 
Putting the causes in the exp/anans and the effects in the explanandum, 
and even in the explanation using Fermat’s Principle, we get the 
Cause of the explanandum-event in the explanans, although admittedly 
the explanandum gives the cause of one of the explanans-events. 
Tequently in the physical sciences we get arguments with causes in 
the conclusion and effects in the premises. These are arguments, 
often called ‘retrodictions’, where one tries to ‘predict in reverse’, 
Pinpointing past phenomena from present phenomena and laws. 
Owever, in these cases one does not get the understanding associ- 
ated with explanation.) In a manner similar to explanations to be 
Ound in the physical sciences, in goal-directed explanations the cause 
Comes in the explanans and the effect in the explanandum (which, in 
the light of my comments earlier in this section, is not surprising). 
th € fitness in the past of birds with 4 eggs, something talked of in 
* explanans, is the cause of the present plover clutch-size being 4, 
Something talked of in the explanandum. However, in functional 
tho lanations, the positions of cause and effect are reversed, To explain 
tl © eyes in terms of their function, seeing, is to explain the cause, 
l€ eyes, in terms of the effect, the seeing. Similarly, if one asks for a 
Unctiona] explanation of the plover's eggs, then one does it in terms 
ber Dat one thinks the eggs will do, not in terms of what went on 
$5 Ore. And, of course, more generally in talk of functions we 
ntinue to get reference to the future. Even if one adopts my 
translation of talk of functions into terms of talk of adaptations, one 
S reference to the future, since one is now talking of chances of 
IVival and reproduction in the future. ; 
bla, OW, let me re-emphasize that this does not mean that there is any 
4 e for future causes in biology—the whole point is that the eyes 
Ney the eggs come before and cause the seeing and the dade 
fa Crtheless, this order of cause and effect in the explanations (an 
t Se reference to the future in function-talk) does, i think, do 
te eop ething important. This is that, in a sense, there is an hie ao 
fut gical element in biology. This is not the kind of teleology o 
i: Causes—they have no more place in biology than they do in 
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physics—but it is a genuine teleology in that we try to understand 
the world with reference to the future rather than to the past. We 
try to understand the eyes and the eggs with reference to what they 
will do, rather than (or, as well as) with reference to what went on 
before. Possibly one might argue that for an adequate science all one 
needs is an understanding of the past (and present), and this could 
be true. However, such an understanding could not include the 
understanding involving the future (this seems to be a logical point). 
Hence, I conclude that in a sense (whose significance I shall discuss 
in the next chapter), since we find it illuminating to consider the 
organic world with respect to its future as well as its past, biology 
has an untranslatable teleological flavour distinguishing it from the 
physical sciences (or at least, from most parts of the physical 
sciences). But note, this is not necessarily an uneliminable teleo- 
logical flavour that biology has. One might just replace every 
functional explanation with a non-teleological explanation—for 
example, one might explain the udders on present cows by reference 
to selection on past cows, rather than by reference to what one thinks 
that present-cows’ udders will do. In fact, I think this is the kind © 
move biologists might often be tempted to take. However, it does 
Seem to me that in a case like this, one is not translating à teleological 
explanation. Rather, one is replacing one’s teleological explanation 
with a different, non-teleological explanation. The teleology itse 

cannot be translated away.4 


^I suspect that the conclusi j puis 
ions t teleology 1n 
I have just drawn abou der to alleviate some 


will be unpalatable if not unacceptabl Iron i 
doubts, let me point out that A enfe ede] biological functional oy 
planations are an anachronism—although they are still so common mar sional 
not suggest that any particular user is himself anachronistic in his use- m ‘cal 
explanations are a carry-over from the pre-Darwinian pre-evolutionary aa n (for 
era, when the dominant biological paradigm was the Argument from rn not 
God's existence). Thus Whewell could write that ‘each member and Orga" oy 
merely produces a certain effect [but] was intended to produce the effects whole 
Organ is designed for its appropriate function; . . . each portion © i end me 
arrangement has its final cause; an end to which it is adapted, and in t e is clear 
reason that it is where and what it is’ (Whewell, 1840, 2, 79-80). Here z 

that things are being explained in terms of what we would call thelr mud 
modern evolutionists can and do do the same thing, not because the selection 
mitted to Design, but because of the repetitive way in W ich 4 
Process acts, allowing one to suppose for the present and future wha! 
past generations, and because of the quasi-Design effect selection wp nd its 
1971, for a discussion of how pre-Darwinian teleological thought = Ln 
into the Origin and later biological works. And see Wimsatt, 1972, vould lik 
discussion of biological functional thought—a discussion which I w^ 

think complements, rather than contradicts, my analysis.) 


IO 


BIOLOGY AND THE PHYSICAL SCIENCES 


Throughout this book we have come up constantly against the 
Question of the extent to which biology is like the physical sciences. 
Inally, we meet this question head-on, because I want now to 
discuss implications of the recent, exciting developments in biology 
Which have come from the attempt to bridge the gap between 
Physics and chemistry on the one hand and biology on the other. 
lrst, I shall expound briefly the major results claimed in that area 
s biology which has most felt the onslaught of the ideas and 
Schniques of the physical sciences—genetics. Secondly, I shall 
vensider the relationship between the new ‘molecular genetics’ and 
© older, non-molecular, Mendelian genetics. Thirdly and finally, I 
‘Pall raise the question of whether or not we can look forward to 
© day when biology as an autonomous discipline will vanish. In 
Particular, I shall consider a number of arguments by *organismic 
uo Ogists—biologists who think there will always be a place for an 
dependent biology. 


E Molecular genetics Aum 

ixe Mendelia etics, one cannot really understand mo'ecu 
eenetics unless ed pecudum the problems of heredity by first 
"sidering the nature of the cell. Now, from a molecular viewpoint, 
Sie of the cell seems to be made up of two kinds of things. First 
e 135 the structural proteins—these form the building blocks of 
Sec cell and go to make up the walls, membranes, and so on. 
Cat °ndly one has the enzymes, these being proteins which act i 
bre Sts. They enable the cell to go about its chemical activities ^ 
loy. ing down and building up in an orderly manner and at much 
t temperatures than such activities would require without their 


198 The Philosophy of Biology 


presence. Proteins are polypeptide chains or combinations of such 
chains, and these in turn are long, string-like molecules made up of 
literally hundreds of links—each link being an amino acid. Since 
proteins play so ubiquitous a role in the cell and since they have so 
many parts, it might seem to be a task beyond human ability to 
bring even a semblance of understanding to the molecular level of 
the cell, and hence, to the problems of heredity. However, formidable 
though the task may be, there are some guides for reason. The chief 
one at this point is that although there are so many different proteins, 
each performing such different tasks, the types of amino acid 
building block are restricted to twenty. It would seem therefore that 
any difference in protein is a function of a difference in amino acid 


(purines) or thymine or cytosi imidi sa 
À ytosine (pyrimidines). (The bases, 
with the sugars and phosphates, are called nucleotides") aper 


2 e 
around each other to form a helix. One finds that adenine On of 
rs 


. si 6 " es 
cytosine, and it is believed that it is in the order of these four Baio 


Now, as we have seen, DNA must do two jobs. The first ie 
that of replication, so that its information can be passed 0” 4 helix 
cells. In order for this to happen the two strands of DNA 1n 3 men 
start to come apart, and then, with the aid of enzymes: comp Ie ge 
tary nucleotides line up against the nucleotides on the unzipped $ sse! 

strands of DNA. Thus the precise order of the nucleotides 1$ pn 
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9n to a new DNA strand, although obviously the new strand is the 
complement of the old strand and it must therefore duplicate itself 
before one gets a DNA strand identical to the first strand. The 
Second task of DNA is to make proteins—it does not do this directly 
but via an intermediary, RNA. RNA is like DNA in that it is a long 
Strand of nucleotides, but where DNA has thymine, RNA has 
uracil. There seem to be three types of RNA, all with different 
functions within the cell: messenger RNA (mRNA), ribosome RNA 
(rRNA), and soluble or transfer RNA (sRNA or tRNA). All three 
types are copied off DNA in much the same way as DNA replicates 
itself, except that a different enzyme is involved, and obviously 
Uracil (not thymine) pairs with adenine. The rRNA molecules, 
together with some proteins, go to form the ribosomes, which in 
turn serve as the sites of protein synthesis within the cell. The mRNA 
travels from the nucleus to the ribosomes, carrying with it the in- 
Ormation needed for the synthesis of different proteins. Finally, the 
SRNA picks up free amino acids within the cell, bringing them over 
to the ribosomes, where they can be lined up in appropriate order 
against the mRNA, joined and cast off as completed polypeptide 
Chains, Thus one gets the all-important synthesis of proteins. 
Clearly, this is but a sketch of DNA replication and of protein 
Synthesis, Necessarily many important steps have been omitted. 
One omission which must be remedied arises from the fact that 
Proteins consist of twenty amino acids, but that RNA (like DNA) 
Carries but four different nucleotides. This means that there cannot 
* à 1-1 correspondence between the nucleotides of mRNA and the 
amino acids of proteins. It is suggested that three nucleotides code 
or an amino acid, and since there are 4? possible different triplets 
of ordered nucleotides, it is also suggested that many of the triplets 
ate degenerate (i.e. code for the same amino acid) and that other 
triplets make no sense at all (ie. do not code for any acids). 
€cently, molecular biologists have made great advances in finding 
Sxactly which triplets code for which amino acids. j 
O far in the discussion we have assumed that everything always 
goes according to plan—however, even in the molecular world things 
an go wrong, and so let us now see how normal protein synthesis 
might be disrupted. The most obvious place at which trouble could 
Start is on the DNA molecule—if something happens here then not 
Only is it liable to be reflected right through to the proteins of the 
Present cell, but also it is likely to be passed on to new cells as well. 
ree types of alterations to the DNA information chain seem 
Pssible—nucleotides might be added to the chain, they might be 
‘inated, and the original nucleotides might be altered. It would 
PPear that all three of these types of changes occur; however, 
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fortunately, it also appears that in all three cases, the overall effect 
may not be as drastic as one might fear. The extent to which the 
cell's operations are disrupted depend very much on the particular 
circumstances. Consider first the addition or deletion of nucleotides. 
As was mentioned immediately above, the nucleic acid code is read 
in groups of three, hence, the addition or deletion of one or two 
nucleotides is liable to be highly disruptive, especially if such an 
alteration occurs at the beginning of a chain. However, the addition 
or deletion of a group of three (or multiple of three) nucleotides 
leaves all (or most) of the original code intact, particularly if the 
three added (or deleted) nucleotides are very close together. As one 
might expect, it transpires that codes altered in ways like this are 
often able to produce proteins which function normally or with only 
slightly reduced powers. A similar situation applies to changes of the 
code which take place by the alteration of simple nucleotides. There 
are several different things which might happen. First, the alteration 
of one nucleotide might change the triplet of which it is part to à 
triplet which codes for the same acid, in which case the protein 
would be unchanged. Secondly, it might change its triplet to the code 
for a different acid (this is called a ‘mis-sense mutation')—here we 
could get a protein very similar to the normal protein with some or 
all of the capabilities of the normal protein. Thirdly, the change 
might produce a triplet with no corresponding amino acid n 
nonsense mutation"). Since it is thought that a triplet which does 
not make sense can end the synthesis of the protein polypeptice 
chain, presumably the extent to which a nonsense mutation WOU 
render the protein non-functional would depend in part on how close 
to the end of the chain the nonsense mutation occurred. n 

It is clear, therefore, that changes in the DNA code can occur In 
several ways and have several effects. It can leave the protein sya” 
2n unchanged, it can reduce the effectiveness of the protein, gaan 
change its function, it can stop its synthesis altogether, or it can 
change the protein back to an original form—it should be noted nee 
in the latter case, the change of the protein back to an original e t 
Lus a Serin to an original function) does not necessarily mean un 

nucleic acid sequence is back in its original form. 

Finally in this section, let us turn our aeration to the phenomenon 
of crossing-over, something which has been found to occur, n Tab 
between chromosomes, but between naked strips of NA. Alt Ten 
its ultimate cause is still unknown, a good deal of light af that 
thrown upon it. Of particular importance to us here 15 the 12: r can 
molecular biologists have been able to show that orossing-0Y le 
occur between many, if not most of the base pairs ofa Am nit o! 
—if this is the case, then it would seem that the smallest U 
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crossing-over (i.e. the unit within which crossing-over is impossible) 
I$ probably a single pair of (matched) nucleotides. As we shall see in 
the Next section, this fact leads to consequences of great philosophical 
Interest. 

A lot more could be written about the findings of molecular cell 
biology; however, I think that enough biological territory has now 
been Covered for our purposes. Let us, therefore, now turn to a 
discussion about the relationship between this molecular genetics 
and the non-molecular genetics we encountered in the early chapters 
of this book, (Watson, 1965, 2nd ed. 1970, is a good introduction to 


molecular genetics.) 


102 The relationship between molecular genetics and Mendelian 
genetics j 
Many philosophers argue that although a new theory may displace 
is predecessors entirely, often there is a continuity between the old 
and the new. This is by virtue of the fact that older theories can be 
Shown to be special instances derivable from the more general 
Premises of the new theory. Recently, however, a number of philo- 
Sophers have argued that this ‘reduction’ of one theory to another is 
a Philosophical fiction. They argue that theory-change always involves 
* complete rejection of the older theory (from the view-point of 
truth), In order to discover the true relationship between molecular 
Benetics ang Mendelian genetics, I shall begin this section by consider- 
ing in some more detail some of the arguments in this debate about 
ory-reduction, Having done this. I think I shall be able to throw 
Some interesting light on the relationship between the two genetics. 
* us ask first what exactly a reduction of one theory to another 
Would involve. Ernest Nagel, a strong believer in the possibility of 
“ory-reduction, argues that if we are to speak of one theory being 
reduced to another then what this must mean is that we can show 
° One theory to be a deductive consequence of the other. We must 
© able to show that all of the propositions of the reduced theory 
can be deduced from axioms of the reducing theory. Now, Nagel 
admits that sometimes the reduced theory will contain terms not 
Ccurring in the reducing theory. 


Accordingly, when the laws of the secondary science do contain some term 
they st is absent from the theoretical assumptions of the primary aerate 
p are two necessary formal conditions for the reduction of the | 
Post € later: (1) Assumptions of some kind must be erp ier 
Tep ulate Suitable relations between whatever is signified by ‘A and traits 
(2) Wented by theoretical terms already present in the primary selene ds 
Secon dn the help of these additional assumptions, all the laws of the 
a 


H 


to 


TY science, including those containing the term ‘A’ must be 
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logically derivable from the theoretical premises and their associated co- 
ordinating definitions in the primary discipline. (Nagel, 1961, 353-4) 


Nagel calls the conditions (1) and (2) the condition of connect- 
ability and of derivability respectively, and he is at pains to note that 
obviously we must have some reasons for thinking it proper to 
accept the inter-theoretic links demanded by the condition of 
connectability. We would not, for example, think much of a reduction 
which linked cabbages in one theory with molecules in another. 
Two objectors to the whole idea of theory-reduction are Kuhn 
(1962) and Feyerabend (1962), and they base their opposition 
essentially on historical grounds. The trouble for them seems to be 
not so much that there is anything formally wrong with what Nagel 
writes, but rather that, as a matter of historical fact, one has never 
had a reduction of one mature scientific theory to another scientifi S 
theory in the way that Nagel has just described. That is, they claim 
that one never finds a deductive connection between a theory and its 
successor. An example that Feyerabend uses to support his case 1 
that of the supposed reduction of Galilean physics to Newtonian 
Physics. In fact, Feyerabend points out, what we can deduce from 
Newtonian physics are things very close to Galileo’s laws of motion, 
but not the exact laws. So long as the ratio of H/R (where #7 Is the 
height above ground level of the processes being described and Rf 
the radius of the earth) is finite, Galileo's laws will not follow 
deductively from Newton's laws. But obviously H/R is always e 
and therefore Feyerabend concludes that a Nagelian-type reduction 18 
impossible. Kuhn’s example is that of the supposed reduction ed 
Newtonian physics to Einsteinian physics. Kuhn argues, ina rmn 
similar to Feyerabend, that here also we have no deductive relatio a 
ship. Even if we consider only low velocities where some of Eutr 
laws seem approximately similar to Newtonian laws, such p 
1$ apparent. The concepts in the two laws are quite different tible 
example, "Newtonian mass is conserved; Einsteinian is oo , 
with energy' (Kuhn, 1962, 101). Hence, Kuhn like Feyera that 
generalizing on the basis of a few historical examples, concludes 
one never gets a reduction of the type described by Nagel. hich of 
Turning now back to biology, let us ask ourselves to s Jeculaf 
these two extreme positions the relationship between mae a case 
and molecular biology seems best to approximate. First, P ani n 
be made for supposing that one has here a reductive pem for 
the type described by Nagel? Now obviously, if we are to a Tn the 
a reduction, then one notable omission must be amend delia 
discussion in the last section, no mention was made © 
genetics most central concept—the gene. Before we 
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reduction, we must have some links enabling us to go from talk at 
the molecular level to talk about the Mendelian gene. 

It is fairly obvious that if such links are to be found, at one end 
of them will be talk about DNA molecules, and at the other end, 
talk about Mendelian genes. As we have seen, DNA molecules serve 
in some sense as the ultimate causes of cell characters, as the units 
of heredity, as the sources of new variation, as the entities which 
cross-over, just as we have seen Mendelian genes serving as the 
ultimate causes of phenotypic characters, and so on. The major 
question is just how much DNA is to be postulated as being equiva- 
lent to a Mendelian gene. Again, there seems to be a fairly obvious 
answer. As we saw in the second chapter, the defining feature of the 
Mendelian gene is that it is the unit of function, that is, it is the unit 
ultimately responsible for the organism’s contribution to phenotypic 
Characters, Hence, it seems best to suggest that the Mendelian gene 
be considered equivalent to just sufficient DNA to act as a unit of 
function, although it should be remembered that when we speak of 
à molecule of DNA acting as a unit of function, we (usually) mean 
Something slightly different from what we mean when we speak of a 

endelian gene acting as a unit of function. To speak of DNA qua 

Unction is to speak of something acting as a cause of polypeptide 
Chains—to speak of a Mendelian gene qua function is to speak of 
Something acting as a cause of phenotypic characters. Sometimes 
these two things coincide—after all, the inside of the cell is part of 
the phenotype—however, there need be no such coincidence. There 
i5 a difference between blue eyes and the polypeptides causing them. 

It is perhaps worth mentioning that molecular biologists have in 
act appropriated the term ‘gene’, and do now include in their meaning 
of it a piece of DNA which is just enough to serve as the cause ofa 
cellular product (i.e. a polypeptide chain). This being 80, let us next 
ask whether, if we identify particular molecular genes with particular 

endelian genes, we get a reduction of a kind described by Nagel? 

tima facie one might think that one would. Part of the reduction 
Would involve trying to satisfy the condition of derivability, and this, 
In turn, would require one to deduce from molecular premises laws 

Non-molecular cell biology, for example, Mendel’s laws. Now, 
Sie attempt to get Mendel’s first law from molecular premises looks 
ey Promising. The law demands that the units of inheritance be 
the units of function. This holds true of molecular genes. The law 
“emands that the units of inheritance be particulate, not blending 
(tetrievably in each generation. This holds true of molecular genes 
ti least in the sense that there is no irretrievable blending of nucleo- 
des), The law demands that the units of inheritance be distributed 


a particular way from one generation to the next. Again there is 
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no reason why molecular genes should fail to satisfy the law in ee 
any more than Mendelian genes. Hence, at first sight, the chance: E 
à reduction seem fairly good. One starts with the rélevant stateme i 
about molecular genes (e.g. that such genes are particulate), 5 3 
adds the connecting links between molecular genes and Mende P 
genes, one concludes with some propositions about Heide 
chains being phenotypic characters (or the causes of such characters " 
and one then deduces something remarkably like Mendel’s first law 
—a key premise of Mendelian genetics. (Note that it is not necessary 
for a reduction that every molecular gene have a Mendelian equiva- 
lent. What we need, assuming that we are trying to reduce laws 
referring to all Mendelian genes, is that every Mendelian gene have 
a molecular equivalent. Then Suppose that ‘Mx’ stands for ‘x is a 
Mendelian gene’, ‘mx’ stands for ‘x is a molecular gene (of a type 
including all of those with Mendelian equivalents)’, ‘px stands for x 
is some specified kind of molecular phenomenon’, and ‘Px’ stands 
for ‘x is some specified kind of biological phenomenon’. Suppose 


first law can be made to fit this 
this theoretical analysis ; 


particularly, crossing-o 


conflict, and consequently a reduction along the lines suggested by 
Nagel seems impossible. Non-molecular genetics supposes that the 
unit of function, the unit of mutation, and the (smallest) unit of 
crossing-over, are all one and the same thing. Molecular genetics 


Separates out these units—in Particular, it allows that mutation and 
crossing-over can involve but 


ng it or other laws by alternative means 
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seems remote if not missing entirely. For example, the revised version 
of Mendel’s second law allows crossing over between but not within 
units of function on the same chromosome. A molecular equivalent 
to this law would have to allow crossing-over within units of function 
on the same chromosome, and thus one could hardly hope to derive 
Mendel’s second law from the closest molecular equivalent. 

It seems, therefore, that the pendulum has swung completely away 
from Nagel—he is wrong (or he would be if he were to suppose that 
We have a reductive relationship here) and Kuhn and Feyerabend 
are quite right in denying the existence of such relationships. 
Actually, however, the true situation is rather more complex than 
this. Long before 1953, the year in which Watson and Crick dis- 
Covered the structure of the DNA molecule and made positive 
Suggestions about its role in heredity, biologists had suspected (for 
biological reasons) that the Mendelian gene concept, as I have so far 
discussed it, is inadequate. This gene concept, often known as the 
‘classical gene concept’, treats genes like beads on a string. But, as 
far back as 1925, Sturtevant discovered that the classical gene 
Concept fails to account for every facet of the complex story of 
heredity. In particular, Sturtevant (1925) discovered the so-called 
"Position effect', namely that the order of the genes on a chromosome 
can affect their phenotypic result. Specifically, Sturtevant discovered 
that two identical genes being on the same chromosome (next to each 
Other) and heterozygous to wild-type genes can have a stronger effect 
than the two genes being homozygously opposite each other on 
different chromosomes. In the years succeeding, biologists continued 
to turn up evidence that the Mendelian gene concept as so far 
discussed fails to account for all the niceties of inheritance, and then, 
In the 1950s, thanks particularly to so-called ‘fine structure genetics 
the old classical gene concept fell entirely apart, and it was replaced 

Y a number of more exact concepts. Let us see how this happened. 
See also Carlson, 1966; Whitehouse, 1965.) x : } 

Since Mendel, geneticists have sought the ideal organisms with 
Which to experiment. What one needs are organisms which reproduce 
Tapidly, which have many offspring (thus giving rise to a high 

Toportion of mutations and different types of crossing-over), and 
ich are such that one can identify new mutants or peculiar 


» : n fI "n 
Consi vo theories is a necessary condition for the reduction 
of one oki dnd it is clearly not a sufficient condition. Of course, 
«hen one has two theories which are couched in different terms, as we do here; 
tr Might try to avoid inconsistency, thus permitting a possible reduction, by 
ing out different connecting links between the theories. But I do not see in this 
e What links one might substitute for those suggested, namely between 
Molecular and Mendelian genes. And even if one did find alternatives, there 
Ould stij be the question of why one should accept them as true. 
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results of crossing-over rapidly. Drosophila (fruit-flies), the classical 
geneticist’s favourite organism, represent a great advance over 
Mendel’s pea-plants; but neither fruit-flies nor pea-plants can in any 
way compare with the organisms that Benzer (1962) and others 
started to use, namely bacteria (e.g. Escherichia coli) and the viruses 
(often called *phages") which attack these bacteria. Phages are little 
more than shells containing naked strips of nucleic acid, they 
reproduce very rapidly, they are haploid (i.e. one has no trouble with 
dominant genes masking other genes), and by controlling the media 
in which they and their bacteria are allowed to grow, one can detect 
new mutants and rare recombinations (due to crossing-over) from 
amongst millions of less interesting fellow organisms. 

Through using organisms and techniques like these, Benzer and 
others were able to perform a fine-structure analysis on the biological 
unit of function, and they rapidly showed that this unit is not 
Synonymous with the unit of mutation or the smallest unit of 
crossing-over. Mutation and crossing-over can occur within the unit 
of function, and can indeed involve very small parts of the whole 
unit. Benzer therefore suggested dividing the classical Mendelian 
gene concept into three—the unit of function which he called the 
‘cistron’, the unit of mutation which he called the ‘muton’, and the 
smallest unit of crossing-over which he called the ‘recon’. Other 
this division of the old concept (amongst 
€ position effect), and the important thing 
was able to make the division on the basis 
y sophisticated but purely biological tech- 
hecking for mutation and crossing-over. 
ot the older classical Mendelian genetics but 
y biological, fine-structure genetics, then the 
oF si one can have a Nagelian-type reductive 
relationship between molecular and non-molecular genetics seems 
once again to be within the realm of possibility. One links the 
(biological) cistron with the (non-biological) molecular gene and 
the (biological) muton and the (biological) recon with a very few non- 
biological nucleotide pairs of the DNA molecule. (Actually, Benzer 


ously. As Benzer (1962) writes, ‘every- 
about the genetic fine structure of T4 


j he Watson-Crick model of the DNA 
molecule’. Thus, for example, both of Mendel's laws (which now, 


at the biological level, talk about cistrons rather than classical genes) 
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ive from molecular premises in conjunction with these 
E pen the biological and the molecular. (Obviously, Mendel’s 
rus AT has to be revised to allow for crossing-over within 
(la S; ^ ut this is E biological revision.) The incompatibility 
a ie the two genetics has vanished, and the one can (in principle) 
dice own to be a consequence of the other. (Necessarily in this 
: ussion, a number of simplifying, but I think not entirely falsifying, 
ssumptions have been made. I have, for example, totally ignored 

any complicating factors due to sexuality.) 
jM à consequence, what I would suggest is that probably we do 
p have a situation akin to that described by Nagel, although not 
E en genetics is so rigorously formalized as Nagel supposes every 
cience to be and I must confess that strictly speaking I think the 
pe situation is as much that there are now no theoretical 
"Run in the way of a Nagelian-type reduction and that there are 
vin signposts about how this should be done, as that such a 
E uction has been rigorously accomplished. (As I pointed out, 
= from anything else although the elimination of conflict is a 
is runt condition for a reduction it is not a sufficient condition.) 
thas would also suggest that the recent history of genetics shows 
Cnn were one to claim that the reduced theory is always entirely 
Wio pleted before the arrival of the reducing theory, one would be 
the ng. What we seem to have had here is both reduced and reducing 
fois developing simultaneously (and obviously not entirely in 
"i pi It is only after this development that the physico-chemical 
the biological came into harmony, opening the way fora 


n i Det 
*duction, or at least, for a possible reduction.? 


d The organismic position 
bviously, even if what I have argued in the last section is well-taken, 
fie is a far cry from being able to say that the whole of biology is 
e or ever could be part of physics and chemistry. Even though 

netics plays an absolutely pivotal role in biology, there is far, far 


2 : 
J It is perhaps important to emphasize that no actual deduction from a purely 
cular theory to a purely biological theory seems yet in existence. Indeed, 
E ts the feeling that the whole question of 
o enon is more of a philosopher’s problem thata scientist’. Certainly, biologists 
Sh logical studies rigorously separate, with an eye to 
them. Rather, there seems to be a fairly casual 
ts. Hence, biologists like 


tially biological discussions. And it is probably 
othered to adopt Benzer’s suggested 
her still talk in terms of ‘genes’, and 
ant to make the distinctions 


for a segments into their essen 
Concer Teason that many biologists have not b 
tefer 23 of cistron, muton, and recon, but rat 
th Irectly to the structure of DNA when they w 
enzer's concepts are intended to reflect. 
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more to biology than just this one theory. Hence, on the basis of 
the discussion so far we cannot as yet answer the question most 
frequently asked about biology, namely, will the day come when 
biology will lose its autonomous status and become just a branch of 
the physical sciences? It is to this question, in the hope of throwing 
some light on the problem it Poses, that this section is devoted. 
(See also Schaffner, 1967b.) 

Now, in order to keep a sense of Proportion, let us start the 
discussion by acknowledging the achievements so far recorded by 
molecular biologists—achievements which have actually brought 
areas previously biological into the sphere of the physical sciences. 
Even discounting the basic parts of genetics, molecular studies of 
biology progress at a Breat rate and in a highly fruitful manner. 
One area, for example, where the application of the ideas and 


problems which will tax the 


Years to come. Indeed, Watson writes richi ds 
j j of Escherichia coli, the 
organism best understood of all at the molecular level, that 
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that the structure of a cell will never be understood in the same way as that 
of water or glucose molecules. Not only will the exact structure of most 
macromolecules remain unsolved, but their relative locations within cells 
can be only vaguely known. (Watson, 1965) 


In the light of this impossibility from a practical viewpoint of ever 
Providing a complete physico-chemical analysis of the organic world 
(at least in the foreseeable future), the question now arises of whether 
such a complete physico-chemical analysis is ever possible even from 
a theoretical viewpoint. Obviously, in some sense, one can give a 
Physico-chemical analysis of the organic world—a falling body 
obeys Galileo's laws whether it be a stone or an elephant—but the 
question still remains of whether or not physics and chemistry can 
account adequately for all of the aspects of the organic world which 
have hitherto been considered peculiarly biological. The sorts of 
aspects, like the development of organisms, which up to now have 
been explained by biological theories rather than physio-chemical 
theories. 

In the past, many philosophers (and not a few biologists) argued 
that such a complete take-over by the physical sciences is impossible, 
and they based their opposition on the supposition that denizens of 
the living world are distinguishable from non-living things by virtue 
of the fact that the former, unlike the latter, contain certain ‘life 
forces’. The possession of such a life force, or (as it would have been 
Called by Bergson) an élan vitale, supposedly makes a living thing what 
it is—something distinguishable from non-living things. Moreover, it 
Was argued that no purely physico-chemical theory could adequately 
Catch the ‘true essence’ of living things, since no physico-chemical 
theory could analyse these life-forces. Today, few biologists can be 

Ound to give any support to vitalism, that is, to a belief in such 


forces, The reason for this is not so much that a belief in such forces 


'S contradictory, but rather that their existence or non-existence 
deavour. The forces are 


Seems totally irrelevant to the biological ende? 
detectable, they are not subject to experimental control, and 
everything they were invoked to explain seems entirely explicable 
some other way—a way not involving a commitment to the 
Orces, I 
However. though vitalism seems to be a thing of the past, 
Many biologists still aie that there will always be a place for an 
‘dependent biology. They feel that some facets of the biological 
Orld will forever elude a purely physico-chemical analysis. It is the 
Tguments of these people who commonly call themselves *organis- 
lc biologists’ that I want now to consider. I shall take five such 
TBüments, The first two, I think, have little or no merit. The next 
“hte have, I think, some force, although I do not think that they 
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prove quite so much as some of their proponents seem to think they 
prove. 

Possibly the most common argument from those who would argue 
that biology must always remain autonomous is that which bases its 
claim on the supposed uniqueness of biological phenomena. It is 
argued that the things the biologist studies—cells, organisms, groups 
—are all unique, to an extent unknown in the physical sciences. But, 
it is argued, the physical sciences can deal only with repeatable, 
non-unique phenomena, and thus it is concluded that the science 
dealing with biological data cannot ever be entirely physico-chemical. 


For example, Bentley Glass, one supporter of this argument, writes 
that 


the uniqueness of the particular event, embedded in the history and 
evolution of life, seems an unanswerable argument for the possibility of 
explaining all aspects of life in terms of the laws of physical science which 
are demonstrable in non-living systems. (Glass, 1963, 248) 


In an earlier chapter, I pointed out that much of the force of this 
argument rests on a blurring of several senses of ‘unique’. Ad- 
mittedly, in one sense biological phenomena are unique, and 
admittedly, in a sense, physico-chemical theories cannot deal with 
the unique; but the uniqueness involved in these two cases is of 
different sorts. Looking at the question in one direction, everything 
is unique—if nothing else, everything has its own spatio-temporal 
coordinates. The point is that physical scientists abstract, and they 
consider only properties shared by more than one thing. There seems 
to be no reason why they should not do the same thing with bio- 
logical phenomena. After all, a fact frequently overlooked by 
organismic biologists is that biologists themselves abstract from the 
unique and consider non-unique aspects. Consider, for example, the 
entirely biological classical Mendelian gene concept. One striking 
feature about such a gene is that a particular instance can be repeated 
an infinite number of times, and all of these instances are absolutely 
identical. If I pass on a blue-eye-causing gene to my son, then, 
barring mutation, classical Mendelian genetics postulates that 
instances of my gene and instances of his gene are the same kind. 
They are not more or less alike; rather, just like two hydrogen atoms, 
they are indistinguishable (even to God). As we have seen, para- 
doxically, the molecular biologist would distinguish genes not 
distinguished by the classical geneticist (but distinguished by the 
fine-structure geneticist). Consequently, I would suggest that, 
popular though the organismic arguments based on biological 
uniqueness may be, in fact the uniqueness of biological phenomena 
does not bar the complete molecularization of biology. On the one 
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hand, even as things stand at the moment, physics and chemistry can 
deal with unique phenomena (through abstraction). On the other 
hand, biology itself has to abstract from unique things and deal with 
common regularities. 

Another argument popular with organismic biologists is that, just 
as in quantum physics so also in biology, one must allow for a 
principle of complementarity. Yt is argued that biological laws are 
framed for intact living organisms, but that to find out things about 
organisms at the molecular level, it is necessary to rip the organism 
apart, thereby (usually) killing it. Thus it is claimed, just as in 
physics, the closer one comes to finding out one thing, the more 
likely one is to distort something else—in particular, there may be 
peculiarly biological phenomena which the methods of molecular 
biology necessarily conceal (see Delbrück, 1949). 

Again it is not too difficult to show that this argument does not 
carry much weight. Its great weakness is that it is only an analogy 
from physics, and whilst analogies per se are not bad things, I think 
arguments need to be given to show that it is needed in biology. 
In the absence of any such compelling arguments, one is left very 
much with the feeling that applying the complementarity principle 
in this context is an ad hoc device to save one's prior belief in the 
autonomy of biology, not something which of itself compels one to 
accept the autonomy of biology. Hence, until such time as pheno- 
mena are encountered which can be explained only by some kind 
of biological complementarity principle, I see little reason to take 
this argument seriously. On top of this, the argument seems to 
rebound to a certain extent on non-molecular biology. Non- 
molecular biologists often kill their subjects before studying them 
—indeed paleontologists never deal with live subjects—and even 
When the subjects are left alive, often severe alterations are made in 
their modes of living so that they probably do not behave as they do 
When unobserved (for example, as we have seen, some organisms of 
the same species refuse to breed in captivity). Thus, given a com- 
plementarity principle, one could argue that non-molecular biologists 
stand in as much danger as molecular biologists of losing sight of 
those things which make biology autonomous. . 

We come now to three arguments which, I think, have a little more 
Weight than those just discussed. (All three occur in Simpson, 1963b.) 
The first argument revolves around the supposedly historical nature 
of organic phenomena. We have already seen some aspects of this 
argument at work in our discussion of evolutionary theory, and I 
have argued that some of the claims made on the basis of the 
Supposedly historical nature of biological phenomena are illegitimate. 
In particular, I have argued that one must draw a distinction between 


212 The Philosophy of Biology 


an evolutionary theory and a particular phylogenetic path taken by 
a group of organisms. Unless one does this, one is liable to ascribe to 
one's theory an historical dimension proper only to phylogenies. 
Nevertheless, this having been said, it cannot be denied that biological 
concepts commonly have an historical element not to be found in 
the concepts of physics and chemistry. Consider, for example, the 
concept *water'. To say of something that it is water is (normally) 
to say nothing at all about its history. We do not know, for example, 
if it was obtained by burning hydrogen in oxygen, or methane in 
oxygen, or in some other way. On the other hand, to say of some- 
thing that it is, for example, a ‘zygote’ is to tell us something of its 
history. It is a cell caused by the fusion of two other cells, which 
latter come from two different organisms. If it did not come about 
this way then it is not a zygote. Similarly, at least under Simpson's 
understanding of taxonomy, to say of something that it is a member 
of Homo sapiens is to tell us something about its history. Amongst 
other things, it had to be born of another member of Homo sapiens, 
otherwise it could not be a member of Homo sapiens. (Obviously, the 
earliest members of the group are excused from this demand.) 
Hence, it would seem that biology does try to account for an 
historical dimension in the things that it analyses, in a way not to 
be found in physics and chemistry. 

The question to be asked is what exactly this proves. Does it, for 
example, mean that one can never, even in theory, have an adequate 
physico-chemical analysis of, say, evolutionary phenomena? I rather 
think not. For a start, it is not strictly true to say that the concepts 
of physics and chemistry never have an eye towards the past. 
Consider for example the phenomenon known as ‘hysteresis’. The 
flux density (roughly speaking, the magnetic power) of a Rowland 
ring of ferromagnetic material (this is a ring with wire coiled around 
it and with current through the wire) is a function not only of the 
magnetic intensity at a particular time (basically the current flowing 
at a particular time) but also of the past history of the ring. To be 
told something of the present flux density and magnetic intensity can 
be to be told something of the ring's past. Hence, in an analogous 
way, one might in the future have a theory dealing with the historical 
aspects of biological phenomena and yet, on the basis of today's 
physics and chemistry, still be prepared to call it ‘physico-chemical’ 
—there seems to be no logical reason why a physico-chemical 
account must be non-historical. 

A complement to this argument is another, based on the fact that 
not even biologists seem to consider the historical content of their 
concepts to be something to be preserved at any cost. We have seen 
how, already, some taxonomists seem to read far less of an historical 
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aspect into their taxa than do others, and it would seem that even 
with something like the zygote, the historical aspect could be 
dropped. What would be required instead would be a biochemical- 
cum-morphological description of the cells in question, distinguishing 
them from other cells. Were such a description provided, then I do 
not think biologists would feel particularly cheated out of their old 
concept, particularly if, for example, one could artificially create 
zygote-like cells, indistinguishable from naturally produced zygotes. 
Hence, in a manner similar to that discussed in the last paragraph, 
one might in the future have a theory considering only the non- 
historical aspects of biological phenomena, and yet, on the basis of 
today’s biology, still be prepared to consider it adequate. (I try to 
make this point in a rather different context in 1970b.) ; 

Actually, I think what one might expect to find is a meeting of 
today’s fairly non-historical physics and chemistry and today’s fairly 
historical biology, where the concepts are half historical and half 
not. It seems to me that something like our thinking about DNA 
already occupies this middle ground. The DNA molecule is obviously 
in one sense purely chemical and perhaps in this sense non-historical. 
However, no DNA molecule has yet been synthesized entirely 
without the aid of other such molecules. Hence, to be told that 
something is DNA is, in another sense, to be told something about 
its past, namely that another DNA molecule was involved in its 
making. . 

Nevertheless, whilst all the points I have been making seem to me 
to be true and to take the major sting out of the organismic bio- 
logist's argument for the autonomy of biology on the basis of the 
historical dimension of biological phenomena, one aspect of this 
argument does still seem to hold true. This is that, as things stand 
today, given the present essentially non-historical physics and 
Chemistry and the present essentially historical biology, the absorp- 
tion of the latter into the former seems unlikely, if not impossible. 

ntil such time as one side or the other changes its attitude about the 
relevance of the past to the concepts of science, major parts of 
biology would seem to be destined to stay autonomous. a, 

The second significant argument put forward by organismic 

iology’s supporters is, more or less, a converse of the argument we 
ave just been considering. It is the argument that biology looks to 
the future, particularly in its concern with functions, in a way that 
the physical sciences do not. Morton Beckner, for example, argues 
that if we speak of something serving a particular function, then we 
are certainly not in any sense committing ourselves to a doctrine of 
nal causes, However, he does feel that we are directing our interest 
towards the future in a manner which would be lost if we were to try 
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to eliminate our concern with functions entirely. Beckner makes his 
point with the following example: 


Suppose we are watching a tank in which there is a single anchovy, and 
that we introduce a barracuda into the tank. At first nothing happens; 
then, when it would be reasonable for us to suppose that the anchovy spots 
the barracuda, the anchovy behaves as follows: he turns sharply, swims 
quickly to the surface, leaps out of the water, reenters, and repeats the 
sequence. This whole description (call it B) is, let us at least suppose, in 
non-teleological language. And it is a description of exactly the same 
behaviour that would serve as the basis for the teleological description 
(call it A) ‘On sighting the barracuda, the anchovy engaged in an escape 
reaction.’ Of course B does not translate A. A in some ways says less, and 
in other ways says (and presupposes) much more. A says less than B since B 
offers details not mentioned in A. It says more, since calling the anchovy’s 
behavior an ‘escape reaction’ implies that it serves the function of escape, 
whereas this is not implied by B. (Beckner, 1969, 162-3) 


Beckner's feeling, therefore, is that an entirely non-functional 
treatment, which is all present physics and chemistry could offer, 
would be bound to lose something that the biological functional 
treatment possesses. In this I agree with him (as I think my discussion 
at the end of the last chapter indicated), and hence I would want to 
conclude in much the same way I concluded my discussion of the 
historical nature of biology. One could have a non-teleological non- 
functional treatment of biological phenomena, in particular, one 
could have a physico-chemical treatment of biological phenomena, 
and I see no reason why this should not be entirely adequate. 
However, for better or for worse, such a treatment of biological 
phenomena would not do everything done by present-day biology. 
In particular, it would not direct our attention to certain things, in 
the light of what we would think will happen to them in the future. 
One can eliminate the teleology but one cannot translate it away. 
Alternatively, possibly one could introduce such a concern for the 
future into one's physics and chemistry, and the explanation using 
Fermat's Principle seems to show that this would not be logically 
impossible; but then again, one would still not be explaining every 
aspect of the biological world given the physico-chemical theories 
that we have today. Therefore, either way one looks at the problem, 
it would seem that there are aspects of present-day biology which 
elude present-day physics and chemistry. Hence, as before, there is 
some truth in this organismic argument. 

The third and final organismic argument which I think has merit 
revolves around the nature of biological order, although, once again, 
I do not think as much is proved as some organismic biologists 
think. There can be no doubt that biological phenomena, from the 
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genes on the chromosome to the members of the species, are highly 
organized. Many writers have seized upon this fact and argue that 
biological theories can grapple with and account for this order; but 
they believe that it provides too great a challenge to the theories of 
physics and chemistry. Hence, again they conclude that biology must 
always remain autonomous. (See Polanyi, 1968; but see also Causey, 
1969. 

MN in an extreme form this argument fails. One certainly 
cannot claim that physics and chemistry pay no attention at all to 
order. Indeed, order can make a vital difference. Consider, for 
example, the laws governing currents going through resistors. If one 
has two resistors (magnitudes R, and R;) and they are put in series, 
then their combined resistance is given by the law: 


RASA 


On the other hand, if these very same resistors are put in parallel, 
then their combined resistance is given by the different law: 


UR = 1/R, + 1/Rs 


Order is clearly something which does play some role in the thinking 
of the physical scientist. . 
Actually, in fact, one cannot even claim that physics and chemistry 
can pay no attention to biological order. We have seen how biological 
genetics has had to move away from the idea that genes can be 
treated like beads randomly strung on a string. It is now realized 
that the order of the genes in a cell is of fundamental importance, 
and this order is obviously a case of biological order. However, it 
Would be ridiculous to say that physics and chemistry, 1n particular 
molecular biology, is insensitive to this order. The very converse is 
the case. Molecular biology studies the order of the heritable material 
of the cell, right down to a single nucleotide pair. As we have seen, 
an absolutely key premise of molecular genetics 1s that although a 
NA molecule contains only four kinds of base, a fantastic amount 
of information can be packed into the DNA molecule by virtue of 
the almost infinitely many ways in which these bases can be ordered 
along the molecule. Hence, if anything, this very same order is of 
More concern to the molecular biologist than it is to the non- 
Molecular biologist. 
Nevertheless, as in t 
15 an important grain of 
lological order. This is t 
Physical scientist, must take ! c 
Ope to explain it away entirely given I 
example, from the premises of his physico 


he case of the previous two arguments, there 
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physical scientist might be able to explain why the DNA molecule 
is limited to the kinds of bases it has, and why the order of these 
bases has the effect it has. However, given the present theories, he 
does not seem able to explain why the order is as it is at the present. 
His situation seems similar to the situation of a physicist faced with 
current going through resistors. The physicist can, given his theories, 
explain the effect of the order as it is at the present; but he cannot 
explain how the order got to be the way that it is at the present. 
The reason why the resistors are in series rather than in parallel (or 
vice versa) lies outside of physics. 

Could the molecular biologists ever hope to give a complete 
physico-chemical analysis of biological order? Even if he changes 
his theories will some order always have to be taken as given? My 
own feeling is that it will—any explanation of order at some 
particular time must incorporate information about order at some 
previous time (or, possibly, some future time). Of course, this is not 
to deny that as molecular biology develops, it will be possible to 
explain present biological order through a physico-chemical theory 
by referring to earlier and earlier ordered systems. Presumably, if 
one were to develop a full-blown physico-chemical evolutionary 
theory, theoretically one could start one’s explanations by pre- 
supposing only order in the non-organic world. However, it seems 
fairly obvious that here is one point where theory and practice will 
never coincide. Hence, it does seem that there is merit in the organ- 
ismic argument about biological order, although as I have just been 
explaining, I do not think this merit is quite as great as some of 
organismic biology’s supporters think (see Schaffner, 1969b). 

Before bringing this chapter to an end, one final comment must 
be made. I have just been arguing that I do not think the organismic 
arguments are as strong as some think they are. Nevertheless, even 
if what I claim is well-taken, I would not want it to be concluded 
that I am therefore arguing that the whole biological effort should 
henceforth be directed towards the elimination of biology as an 
independent discipline. The achievements of molecular biology are 
impressive and have implications for almost every area of biology. 
However, many areas of biology, for example areas like systematics 
and paleontology, are still essentially concerned with purely bio- 
logical problems and can give answers only with the help of theories 
which are themselves biological. Possibly, if not almost certainly, in 
years to come we shall see the techniques and results of molecular 
biology playing a greater and greater role in solving problems posed 
by these areas like paleontology and systematics. But at the moment, 
our approach must be mainly biological, and hence to concentrate 
exclusively on molecular biology is to cease to attempt to solve 
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problems in these areas. Such a cessation, it seems to me, implies as 
much a one-sided attitude as that of the traditional biologist who 
refuses to see any merit at all in the recent advances in molecular 
biology. (An interesting question, perhaps more one of psychology 
than philosophy, is why many of today's great biologists are ada- 
mantly opposed to any kind of biological reductionist thesis. Hein, 
1969, has some interesting comments on this problem. I myself, Ruse 
1971e, have tried to find some answers by using Kuhn's, 1962, notion 
of a ‘paradigm’.) 


POSTSCRIPT 


I hope very much that this book will have convinced some philo- 
sophers that there are many areas of biology in which there lie 
interesting and important philosophical questions. I hope also the 
book will have convinced some biologists that the ideas and 
techniques of philosophy have a relevance to what they do as working 
scientists. I am very much conscious of the book’s omissions, both 
philosophically and biologically. I am particularly aware of the fact 
that many areas of biology, for example, embryology, have been 
practically or entirely ignored. My silence about them should not be 
taken to indicate that I think them of no philosophical significance— 
I feel sure that, in fact, such areas harbour important problems 
awaiting discussion. Possibly the greatest omission in the book is 
any attempt to link up the biological sciences with the sciences about 
man. I am absolutely convinced that in the future, just as at one end 
biology is merging with the physical sciences, so at the other end 
biology will merge with the social sciences. More and more we shall 
see disciplines like psychology, sociology, and anthropology, 
incorporate into their theories results first discovered by the 
biologist. As this happens, I think the philosopher will have an 
increasingly important role to play, and I think that conversely, the 
meeting of the biological and social sciences may throw valuable 
light on such traditional philosophical problems as those of free-will 
and determinism, and the nature and relation of body and mind. 
Here, I have no room even to try to predict what will come from 
the confrontation of the biological and social sciences; but were I 
looking for another major programme in the philosophy of biology, 


it is in this meeting point between the two kinds of science that I 
would begin my search. 
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